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(Received January 10, 1957, Presented by Prof, V. N, Chernigovsky, Active Member 
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The problem of the interconnection of the cerebral cortex with the internal organs began to attract the at- 
tention of investigators in the latter third of the 19th century, One of the first pieces of work in this direction 
was accomplished by V, Y. Danilevsky [7], who showed in 1874 that irritation of definite portions of the cere- 
bral cortex with an electric current produces in dogs a change in cardiac activity and in the state of the vascu- 
lar system, 


In the subsequent work of L. Bochefontaine [27], V. M, Bekhterev and N, A, Mislavsky [3], V. M. Bekhterev 
and coworkers [2], A. Cherevkov [23], B. Babkin and T, Speakinan [26], B, Kaada [33] and others it was shown 
that in the cortex of the cerebral hemispheres of different animals a number of zones can be distinguished, the 
irritation of which exerts an influence on the activity of certain of the internal organs, Subsequently, work was 
carried out in this direction through use of the method of extirpation of different portions of the cerebral cortex 
and the conditioned reflex method (1, 5, 6, 10, 11, 16, 17, 20, 22 et al), 


By this work and, primarily, by the numerous investigations of the academician K. M. Bykov and his school, 
bilateral connections were conclusively demonstrated existing between the internal organs and the cerebral cor- 
tex, and the influence of the cerebral cortex on the work of the internal organs was established, 


Electrophysiological investigations occupy a chief place in the history of the problem, 


Studies _ of the bioelectric manifestations in the brain during irritation of the nerves of the internal organs, 
the first of which were performed in 1891 by V. Y. Danilevsky [8], with the development of the technique of re- 
cording biocurrents led to the appearance of a number of works devoted to clarifying the influence on the core 
tex of irritating the internal organs and partially innervating their nerves, From the work of F, M, Lisitsa [13], 
E. S. Tolmasskaya [21], V. E. Delov [9], P. O. Makarov [14], F. N. Serkov [19], N. V. Bratus [4], T. E, Orlova 
[15] et al., it is apparent that following irritation of the internal organs diffusion changes produce the electrical 
activity of the cerebral cortex, In addition, in spite of the inconsistency of the data, the majority of the inves 
tigators consider that the premotor zone of the cortex has the predominant relationship to the internal organs, 

To put forward more definite conclusions on the basis of the facts obtained with the method indicated is not pos 


sible. 
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Particular attention is due the electrophysiological investigations which have been developed abroad 
in recent years on the primary bioelectrical reaction arising in the cerebral cortex in response to irritation of a 
particular nerve carrying afferent fibers from the internal organs, 


By this method P, Dell and P, Olson [31] made more precise the data of P, Bailey and F, Bremer [28] rela- 
tive to the cortical representation of the vagus nerve and discovered the organization of its specific and nonspe- 
cific central projections, H, D, Patton and V.E, Amassian[35] described the cortical projections of the tympanic 
nerve, and M, Bonvallet, P. Dell, A. Hugellin and B, Well[29)did the same for the projections of the lingual nerve, 
V. E. Amassian [25], C. B. B. Downman [32] and P,P,Newinan[34] detected a strictly limited zone of representa- 
tion in the cortex of the afferent fibers of the celiac nerve (Fig, 1). 


At the suggestion of Prof, V. N, Chernigovsky we made use of the evident advantages of the method of re- 
cording the primary responses in order to collect additional material on the representation in the cerebral cor- 
tex of the afferent system of the internal organs and, primarily, to elucidate the cortical projections of the pel- 
vic nerve, 


The choice of this nerve is explained by the fact that up until the present its cortical representation has not 
been shown, although it is a known fact that the nerve contains a large number of afferent fibers from the organs 
of the lesser pelvis, 


EXPERIMENTAL METHODS 


The experiments were conducted on 40 cats, The animals, which were under ether narcosis, were tied to a 
board, after which they were injected intravenously with chloralose or Nembutal, Generally an experiment was 
begun under superficial anesthesia which later, depending on the purpose of the experiment, was increased to the 
desired extent, The central endings of the pelvic nerves were placed on submersion electrodes,* and, in a 
number of experiments the nerve which was on the electrodes prior to their submersion into the cavity of the 
lesser pelvis was perfused with neutral mineral oil at a temperature of 38° through which oxygen had previously 
been passed, Then a wide opening was made in the cranium, and the dura mater was removed, 


In all of the experiments the shunting of the biopotentials of the cortex was unipolar, In a number of cases 
a localizing electrode was fastened to a manipulator which provided for a precision of up to 0.5 mm in shifting it 
over the surface of the cortex. The shunting was accomplished by means of cottom paper filters soaked in Locke 
Ringer’s solution, tightly wound around chlorinated silver wires, In some experiments electrodes were used con- 
sisting of a silver wire suspended on a watch spring with a spheroid thickening at the end, The latter method 
provided the greatest certainty, inasmuch as the magnitude of the potential being shunted did not depend on a 
change of contact and degree of moisture of the filter, 


Indifferent electrodes in the form of heavy steel needles were fastened in the bone of the cranium above the 
frontal sinuses, The animal was grounded and was kept warm throughout the experiment by means of a screened 
electric heater; the rectal temperature was recorded, In order to protect the brain cortex from chilling, it was 
kept warm by means of a screened heat lamp with an automatic thermoregulator and moistened with Locke Rin 
ger's solution heated to 38°, The experiments were conducted in an insulated room, Irritation of the central 
ending of the pelvic nerve was accomplished with single shocks of current from a condenser stimulator or with 
rectangular stimuli lasting 0,1-0.2 milliseconds from an electronic stimulator, The biopotentials of the cortex 
following a corresponding boost of the transformed current with capacity rheostat boosters, assembled according 
to a balance scheme, were conveyed to oscillographic electrca-ray tubes, From the latter a photorecording was 
made on motion picture film, The curve of the boosters was linear within 5 to 300 cycles/sec, 


EXPERIMENTAL RESULTS 


The experiments showed the presence in cats in each cerebral hemisphere of two independent cortical zones 
for the visceral nerves, not corresponding with any of those detected earlier, in which primary responses arise 
during irritation of the central ending of n. pelvicus (see Fig, 1), In the present communication we shall des 
cribe the zones of the specific projections of the indicated nerve and shall not give, because of the size of the 
article, a detailed comparative characterization of the primary responses which were recorded in them, 


¢ The submersion electrodes were a modified version of the electrodes suggested by P, Kiselev in the laboratory 
of electrophysiology of the I. P. Pavlov Institute of Physiology. 
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Celiac nerve 
zone II 
(Amassian et al,) 
Auditory i 
> Celia 
zone I \Tiéive zone fi (Dowman) 
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‘ Dell and Olson, Bremer,Patton, Yerebtzoff et.al) 
Fatial portion ) Musculo-cutaneous 
' Front paw sensory zone II 
Hind paw (Adrian,Woolsey and 
Pelvic nerve zohe II Fairman et al.) 


Fig. 1. Scheme of the location in the cerebral cortex of the cat of representation 
of different afferent systems, The map composed by P, Dell served as a basic 
scheme, altered and supplemented according to the data of a number of authors, 


As is well known, the primary response is considered the direct bioelectric reaction of the cerebral cortex 
in response to irritation of receptors or afferent nerves, The principal sign characterizing this reaction is the ex- 
tent of the latent period, which is subject to certain fluctuations, but which is minimal in comparison with the 
extent of the latent periods of the accompanying secondary reactions, In addition the primary response has a 
definite direction of fluctuation of potential and a characteristic duration, It is recorded only in those zones of 
the cortex in which are located the cells in which terminate the corresponding afferent pathways that pass through 
the differentiated sensory nuclei of the thalamus.* 


The first of the described zones of the pelvic nerve is located on both sides of the medial and intermediate 
part of the sulcus cruciatus (Fig. 2). In this region the "focus of maximal activity" is located on the anterior 
part of the gvrus cruciatus posterior along the sulcus cruciatus, including slightly the neighboring posterior part 
of the gvrus cruciatus anterior, The second zone of cortical representation of the pelvic nerve is located on the 
gvrus ectosvivius anterior: occupying the small space along the inferior and middle part of the sulcus ectosylvius 
anterior (Fig. 3). In both zones when the shunting electrode is moved to the side of the focus of maximal activity 
the amplitude of the primary response decreases, while its latent period increases, The dimensions of the zones 
as well as the value of the amplitudes of the primary responses recorded in them depend ona number of circum- 
stances, When the strength of the irritating current is augmented, the value of the amplitude of the response in- 
creases, quite rapidly attaining a maximal value; after this a further increase in current strength no longer pro- 
duces an increase in amplitude, Under these conditions the boundaries of the zones of representation of the nerve 
under _ consideration are extended, With threshold values of the irritation current,the size of the zones and the 
amplitude of the responses depend upon the extent of narcosis, the condition of the animal and the functional 
state of the cerebral cortex, Increasing the narcosis leads to a reduction of the zones of representation and to a 
certain decrease in the amplitude of responses, Chilling the animal, low blood pressure, asphyxia, and chilling 
or overheating the cerebral cortex lead initially to a reduction of the zones of representation and a decrease in 
the amplitude value of the responses, and then to their full disappearance, In our experiments the size of the 
first zone was about 12 mm? with reasonably deep anesthesis in which the “spontaneous” activity of the cortex 
was depressed, while the focus of maximal activity was considerably less, Under the same conditions the area 


¢ For detailed data on this question see A, I, Roitbak [18]. 
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of the second zone did not exceed 8 mm 


in the spots where prior to this the responses had the greatest amplitude, 
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Fig. 2, Scheme of the distribution of primary responses in 
the right contralateral zone I of the cerebral cortex. Cat 
No. 85; December 9, 1955. Chloralose narcosis, Initial 
dose —-i00 mg/kg body weight. The animal was immobi- 
lized by intravenous injection of Diplacine, 0.5cc ofa 
2% solution per kg of body weight, Artificial respiration. 
The central ending of the left pelvic nerve was irritated, 
A single shock of current at a voltage of 5 v served as the 
stimulus. The records are read from ieft to right. The 
deflection of the recorded beam downward corresponds to 
a positive fluctuation of potential, 


1) fis, longitudinalis cer; 2) s, cruciatus; 3) s praesyl- 
vius; 4) s, coronalis; 5) s, ansatus; 6, 7) s, lateralis, On 
the diagram of the cerebral cortex, zone I of the cortical 
representation of the pelvic nerve is indicated by (f ). 


When the stimulation is applied to the central ending of one of the pelvic nerves, primary responses arise 
in four portions of the cortex: in the two zones indicated of the contralateral (with respect to the nerve irritated) 


hemisphere and in the corresponding two zones of the homolateral hemisphere, 
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In control experiments on animals immobilized by intravenous injection of Diplacine it was established that 
the responses recorded do not appear as a result of possible contractions of somatic muscles, The proximity of 


. With a further increase in narcosis, for example, in the experiment 
the results of which appear in Fig. 3, the primary responses recorded around the focus of maximal activity (A and 
B) ceased to appear and a primary reaction in the form of a positive fluctuation in potential was preserved only 
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the second zone of the pelvic nerve to the acoustic region necessitated the elimination of audible stimuli, and 
this. we accomplished. In a number of experiments for control purposes the pelvic neve was crushed above the 
applied electrodes; this completely eliminated the emergence of primary responses, The use of a cold block 
exerted the same effect, and aftef its removal primary responses wete again recorded, 


Fig. 3. Scheme of the distribution of primary responses in the right contralateral 
zone II of the cerebral cortex, The continuation of the experiment the beginning 
of which is recorded in Figure 2, The central ending of the left pelvic nerve was 
irritated with single shocks of current at a voltage of 4,4 y. The other conditions 
of conducting the experiment the same, 

1) s, ectosylvius ant; 2) s. suprasylvius ant. On the diagram of the cerebral cor- 
tex, zone II of the cortical representation of the pelvic nerve is indicated by (f), 
and the solid spot represents the "focus of maximal activity” (A and B), 


CONCLUSIONS 


The results of the work conducted afford an opportunity to consider once again a problem whieb still re- 
mains quite unclear—that of the structure of an internal analysor, In this question no one opinion yet prevails, 
Thus, for example, E, S, Airapetyants considers highly improbable the existence in the cerebral cortex of "spe- 
cially defined, strictly localized portions” for an internal analysor [1], while V. N, Chernigovsky thinks that 
"zones of cortical representation may actually be regarded as nuclei of an analysor" (24), While maintaining 
the latter opinion, we would point out that evidently the nucleus of an internal analysor has a complex structure: 
territorially represented in a number of zones of the cortex, within the limits of each zone it is composed of a 
number of “foci of maximal acitivity,* corresponding to cortical projections of visceral afferent pathways, 


The presence in the cortex of defined and definitely localized portions for the nucleus of an internal analy- 
sor in no measure diminishes the principle of dynamic localization of function, provided “dynamics” is taken 
to mean the functional interaction of processes within the limits of a single analysor (although adapted to a de- 
finite territory) and their interconnection with like processes in other analysors, 


SUMMARY 


Data about the localization in the cerebral cortex of cats of afferent zones of representation of the pelvic 
nerve are described for the first time. Single electric stimuli of the central ending of the pelvic nerve have 
revealed in the cerebral cortex two zones registering primary responses of maximum amplitude and minimum 
latent period. 
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Zone I is localized on both sides of the medial and intermediate parts of s, cruciatus, Zone II is situated 
on g. ectosylvius ant., Pi ot “pe a small space along the tae and middle parts of s, ectosylvius ant. The 
area of Zone I is about 12 mm* and Zone II about 8 mm’, 


Both of these areas are bilateral, and stimulation of the pelvic nerve elicits a primary reaction in four 
portions of the cortex: in contralateral Zones I and II and in the corresponding ipsilateral Zones I and II. 
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The present communication includes data on the duration of the phases of isometric contraction and ex- 
pulsion of blood from the ventricles obtained from examination of 100 healthy persons. As a method which 
would permit a phase analysis of the cardiac cycle we chose the dynamocardiograph proposed by E. B. Babsky 
and co- workers [1]. 


The average duration of the fundamental systolic phases of the ventricle and the limits of the variations in 
the length of these phases under normal conditions have been adequately studied at the present time. Individual 
variations in ventricular systolic phases are determined principally by the heart rate. It is well known that with 
increased frequency of heartbeat there is a reduction in the length of ventricular systole [6] and in the length 


of the blood expulsion phase [8]. There were no indications in prior literature of a relationship between the ind 
duration of the isometric contraction phase and heart rate [4]; in 1953, however, Askanas [3] noted this rela- eXp 
tionship. the 
Thi 
Data are listed in the table which demonstrate at a glance the relationship between the duration of both int 
phases of ventricular systole and heart rate. 
This relationship is so precise that, as will be shown below, it can be expressed mathematically. rela 
As well as examining the absolute duration of ventricular systolic phases, we are also studying their reia- tuti 
tive length. We call the relative length of any ventricular systolic phase the ratio, expressed in per cent, of the (2), 
absolute duration of the given phase to the total length of the systole as a whole. Since the relative length of poe 
the isometric contraction phase and the expulsion phase together total 100%, for judging intrasystolic relation- 
ships an analysis of any one relative value is completely adequate. We utilize the relative length of the blood 
ejection phase, which we call the intrasystolic index (ISI) : 
ISI = length of the ejection phase in seconds (te) x 100% (1) whe 
length of ventricular systole in seconds (S) 
From this expression it is apparent that the intrasystolic index is a relative value which shows what part of absc 
the entire time of contraction of the ventricles is taken up by the expulsion of blood from them into the main tion 
vessels. forn 


The values of the ISI computed for healthy individuals of different sex and age fluctuate within compara 
tively narrow limits— from 69 to 81%, with an average value of 75%. Thws the explusion of blood from the 
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3 
ventricles lasts approximately 14 of systole, and consequently their isometric contraction amounts to only u of 
systole. 


Low values of ISI (69-72%, are encountered among people over 40 years of age, while high values (78-81%, 
are found among young individuals who are physically well developed When muscles are doing work, the value 
of the ISI value increases in comparison with its value during the resting state. With certain heart ailments (mi- 
tral stenosis, myocardial infarct, etc.) the value of the ISI is considerably lower than under normal conditions. 
This indicates that value of the ISI depends on the functional state of the heart muscle; and therefore the given 
index can be used to evaluate the effectiveness of cardiac contraction. 


The relative duration of the phases of systole, in opposition to their absolute duration, does not depend on 
the heart rate(see table), This means that with increased or decreased frequency of heartbeat, in which there 
occurs respectively a shortening or a lengthening of ventricular systole as a whole, the relationship between the 


TABLE 


in seconds 


Duration of the isometric con 
traction ty in seconds 


Duration of the expulsion 
P 'e (in seconds) 


Computed accor 
ing to the formu- 


erage ex- 
Variation 
limits 

tal data 
(in 


0.60—0 69 |0.628| 0.192 
0 70—0 79 |0.735| 0.207 
0 80—0.89 0,828} 0.222 | 0.222 | 0.219 | 0.072 | 0.073 | 0.073 75.5 
0.y0—0.99 |0.927|] 0.231 0.234 | 0,232 | 0.075 | 0.077 | 0.077 75.5 
1,00—1.09 | 1.025] 0.244 | 0.245 | 0.246 | 0.079 | 0 081 | 0.082 75.5 


0.192 0.192 0.065 0.064 0.064 74.7 
0.208 0.207 0.069 0.069 0.069 75.0 


individual phases is notaltered, Hence it follows that both with a rapid and with a slow heart rate the time of 
expulsion of blood from the heart into the vessels continues to take up / of the time of systole as a whole, and 
the time expended in creating the pressure necessary to open the semilunar valves still amounts to 1), of systole. 
This fact seems extremely important to us, because it characterizes the definite regularity of heart contraction 
in the presence of physiological variations in heart rate. 


The independence of the ISI from heart rate makes considerably easier the mathematical analysis of the 
relationship between the length of the phases of systole and the frequency of heart contractions, Thus, substi- 
tuting in expression (1) the formula for the length of ventricular contraction with varying heart rate, S = 0.324 VC 
(2), and transcribing it with respect to t,, we obtain after simple conversions a formula characterizing the de- 
pendence of the time of expulsion of blood from the ventricles on heart rate: 


te = 0.244 YC, (2) 


where C is the duration of the cardiac cycle in seconds, 


Proceeding from the fact that the relative length of the isometric contraction phase equals 0.25 or 25%, its 
absolute length (t,) will be three times shorter than the absolute length of the ejection phase. Hence the rela- 
tionship between the duration of the isometric contraction phase and heart rate can be written in the following 
form : 


t, = 0,081 VC (3) 
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omiputed accord | intrasys- 
ing to the formulae tolic in- 
dex (av- 
| + 0,106 + 0,035 | 
l 


As is apparent from the table and the graph, the values of the length of the ventricular systolic phases com- 
puted according to formulas (2) and (3) and their values obtained by analysis of dynamocardiograms are extreme- 
ly close. 


When it is taken into account that the curve of the 
functions is negligible in the studied range of variation 
of the independent variable, the relationship between the 
duration of the isometric contraction phase, the expulsion 
phase and the heart rate can be expressed in a type of 
straight line equation. 


For this, repeating the reasoning adduced above 
with the single difference that the value of S is equal 
to 0.183- C + 0.142 [8], we obtain the following express- 
ious; 


te = 0,137+C + 0.106 (2) 


= 0,046°C + 0.035 (3) 


As is evident from the table, these formulas also 
give values close to the experimental] values, 


According to data in the literature which is known 
to us, the mathematical relationship between the dura- 
tion of the phases of systole and heart rate has been noted 
only for the phase of the expulsion of the blood from the 
ventricles [5]. This function, however, 


C in seconds, 
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contraction phase of the veutricles (t,) and the {=a vp 

phase of expulsion of blood from them (t,) to the 

duration of the cardiac cycle(C). The lines are 

constructed according to formulas (2) and (3); the is inconvenient in practical work, since in order to de- 

experimental points are derived from the table. termine the duration of the ejection of blood with a given 
heart rate prior use of logarithms is required. 


From a comparison of our formula, t, = 0.244VC, with the formula characterizing the relationship between 
the duration of the interval H—-K of a ballistocardiogram and heart rate, H-K = 0.247 YC[6], their close con 
currence is evident. 

Apparently the H-K interval of a ballistocardiogram, which is called "hemodynamic systole,” is a reflec- 
tion of the phase of expulsion of blood from the ventricles 


SUMMARY 


The duration of the isometric contraction and of the ejection of blood from the ventricles may depend 
on heart rate. The dependence of isometric contraction (t,) and blood ejection (tg) can be expressed by the 


formulas: 
te = 0.244° Vv C and te = 0,137 - C + 0.106 
tr = 0.081 - ¥ C and t = 0.046°C + 0.035 


The idea of an intrasystolic index is adopted: it is the relation between the duration of the ejection 
phase and the duration of ventricular systole, This index estimates the efficiency of heart contraction. The 
relative length of the ejection phase (intrasystolic index) and that of the isometric contraction phase are 
practically independent of heart rate. 
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length of the ejection phase (intrasystolic index) and that of the isometric contraction phase are practically 
independent of heart rate, 
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IONO- HUMORAL INTERRELATIONS DURING THE APPEARANCE AND 


DEVELOPMENT OF VAGAL INHIBITION OF THE HEART 


COMMUNICATION III. CHANGES IN THE EFFECT OF THE VAGUS 
NERVE WITH ATROPINIZATION OF THE HEART 


M. A. Keder-Stepanova 


From the Laboratory of Electrophysiology of the S. P, Botkin Clinical Hospital 
(Head Physician, Prof, A. N. Shabanov), Moscow 


(Received December 29, 1954. Presented by Prof. M. S. Vovsi, Active Member 
of the Academy of Medical Sciences of the USSR) 


In spite of the fact that data exist in the literature on the change in the effect of stimulating the vagus 
nerve on atropinized visceral organs, until uow the idea of the exclusion of the effect of the vagus nerve 
by means of atropine has been widespread in physiology. 

In Communication I we set forth experimental data on the effect of atropine on a mechanogram and elec- 
trogram of the heart. [t was established that atropine increases and stabilizes the resting potential of the heart 
muscle, and does not alter the form and duration of the monophase action potentials, The data of the report 
showed a change in the effect of acetylcholine on an atropinized heart; under these conditions acetylcholine 
proved to be incapable of changing in the usual way the rate of the restored processes taking place in the heart 
following depolariziation of cellular structures, These data permitted us to suggest that atropine, stabilizing 
the resting potential of the heart muscle, must first of all disturb the normal process of an increase in polarizi- 
bility of cellular structures during stimulation of the vagus nerve. Proceeding from the experimental data and 
the theoretical conclusions of M. G. Udelnov [2, 3], we assumed that under these conditions the greatest changes 
will be observed in the chronotropic index of vagal inhibition of the heart. 


The present communication is devoted to an examination of the forms of the manifestation of the effect of 


the vagus nerve on an atropinized heart. 


EXPERIMENTAL METHODS 


The experiments were conducted during all seasons of the year on frog hearts isolated according to A. F. 

Samoilov's method. The use of the A. F. Samoilov preparation (the heart on a Straub cannula and in a 
circular perfusion system, connected with the frog's head by the vagosympathetic trunks) permitted stimulation 
of the nucleus of the vagus nerve in the medulla oblongata and the cephalic sympathetic ganglion. This me- 
thod made it possible to obtain pure vagus and sympathetic effects during parallel perfusion of the isolated heart. 
Stimulation was accomplished by means of movable needle electrodes joined with a Dubois Reymond coil; the 
voltage in the primary circuit was 4 v. Cardiac mechanograms and electrograms maintained simultaneous re- 


cording (see Communication I). 


Following the recording of 35 normal vagal effects on a heart perfused with Ringer solution, atropine was 
introduced into the cannula, and at varied time intervals repeated stimuli were applied to the medulla oblon 
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EXPERIMENTAL RESULTS 


In all of the experiments, following atropinization of the heart the effect of vagal inhibition was replaced 
by a marked sympatheticomimetic effect. The change in vagal effect after the injection of atropine into the 
heart in a concentration of 107® can be seen in Figure 1(I and ID). The sympatheticomimetic effect is mani- 
fested in an increase in the strength of contractions and in the speed of the thythmic activity of the heart. This 
effect is highly stable; in the experiment cited,14 subsequent stimulations gave identical results (Figure 1, ID. 
After 40 minutes the atropine solution was replaced with Ringer's solution and stimulation of the medulla ob- 
longata was once again accompanied by an inhibitory effect (Figure 1, IID. 


Fig. 1. The change in vagal effect under the influence of atropine (10°*). vagal 
effect in conjunction with stimulation of the medulla oblongata before and im- 
mediately after the action of atropine (1), 1 hour after the action of atropine and 
following washing out with Ringer's solution(ID), Distance between inductor coils 
-12cm. Duration of stimulation ~—10 seconds. 


During the course of the experiments we were faced with the question of the nature of the sympathetico- 
mimetic effect. In Figure 2, a, Segment I shows the typical inhibitory effect of stimulation of the medulla 
oblongata; a small increase in the amplitude and strength of the contractions of the heart is apparent in the 
aftereffect. In spite of differential stimulation of the fibersof the vagus nerve, one could assume that after 
the introduction of atropine precisely this sympathetic aftereffect is stengthened. Segments II and [II show the 
development of a stable sympatheticomimetic effect during stimulation of the medulla oblongata after the 
introduction of atropine (in the given experiment 12 identical results were obtained). Figure 2, b shows the 
change in the effect of stimulation of the cephalic sympathetic ganglion after atropinization of tne heart; the 
introduction of atropine reduces the sympathetic effect (this phenomenon was observed in all of the experiments), 
Figure 2,c completely eliminates the passibility that the participation of sympathetic fibers in the de- 
velopment of sympatheticomimetic effects is a result of stimulation of the vagus nerve. This kymogram was 
obtained on a permanently desympathetized frog heart; even in this case stimulation of the medulla oblongata 
after the introduction of atropine was accompanied by a marked sympatheticomimetic effect, 


In studying the relationships of the inotropic and chronotropic properties of vagal inhibition during —atro- 
pinization of the heart, we established that stimulation of the medulla oblongata immediately after injection 
of atropine in concentrations of 10 ®— 10°5 is accompanied by the development of a positive chronotropic effect; 
the negative inotropic effect disappears after a certain period of atropine influence. Thus atropine affects first 
of all the chronotropic index of vagal inhibition. This regularity was particularly well- marked in the experi- 
ments with continuous perfusion of the heart, 


This continuous perfusion is effected by a Straub cannula witha side outlet; introduced into the cannula is a 
small funnel with a fine, almost capillary outlet which passes freely into the horn of the cannula. The small 
funnel is filled with Ringer's solution, which is continuously renewed by means of drops falling from a large 
funnel fastened above the cannula; the excess fluid exits from the side outlet of the cannula. If an active sub- 
stance (atropine, for example) is introduced into the small funnel, it will at once begin to be washed out by new 
drops of Ringer's solution. In this manner one can observe the change in vagal effect as atropine is washed out 


of the heart. 


531 


The experiments showed that with continuous perfusion the negative inotropic effect is restored first of all 
(in the presence of a positive chronotropic effect), and then a negative chronotropic effect is produced by sti- 


mulation of the medulla oblongata. 


} 


Fig. 2. Change in vagal effect in conjunction with stimulation of the medulla 
oblongata (a) and the sympathetic ganglion (b) on a normal and a permanently 
desympathetizedheart (c) before and after (J ) the action of atropine (10°5), 
Distance between the inductor coils in the experiments on the normal heart 
(a, b) ~19 cm; in the desympathetized heart (c) -12 cm. Duration of stimu- 


lation ~10 seconds. 


In this connection it was necessary to establish the sequence of changes in the reaction of the hearts to 
acetylcholine and stimulation of the vagus nerve during atropinization of the heart and washing it with Ringer's 
solution. The experiments showed that after atropinization the capacity of cardiac muscle to respond tostimula~ 
tion of the medulla oblongata is initially altered by a reduction in heart rate; then the negative inotropic effect 


a 


disappears, Finally the reaction of the heart to acetylcholine is changed, 
The literature contains indications of the great sensitivity of the chronotropic effect to atropine [5, 6]. 


Thus one can conclude that in the process of atropinization of the heart exclusion of the vagal effect does 
not occur, but only the form of its manifestation is altered, 


Stimulation of the vagus nerve under these conditions is accompanied by positive chronotropic and inotro- 
pic effects, which increase in the process of gradual atropinization, attain a maximal value and are stablized, 
It has been established that sympathetic fibers do not take part in this reaction; the inaccuracy of the assump- 
tion of the possibility of the stimulation of chromaffin tissue is shown in the work of A. V. Kibyakov and L. V. 
Tukhvatullina [1]. 


In our supplementary experiments the atropinized heart secreted a greater than normal amount of vagai 
substance, These data are in agreement with the results of Brucke [4]. Consequently the sympatheticomimetic 
effect does not result from the secretion and influence of small amounts of acetylcholine, 


This effect cannot be caused by the activiation of accelerating fibers in the vagus nerve trunk, since in the 
work of M, G. Udelnoy [2, 3], the absence of specific accelerating fibers in the trunk of the vagus nerve of the 
frog and of warm-blooded animals has been demonstrated. 


In view of the particular sensitivity of the chronotropic effect of vagus inhibition to the action of atropine, 
we examined the shifts in polarization which occur in an atropinized heart in conjunction with stimulation of 
the vagus nerve, 


In our theoretical assumptions we proceeded from the data of M. G, Udelnov [2, 3], who established a cau- 
sal relationship between reduced heart rate and increased resting potential in conjunction with stimulation of 
parasympathetic nerves, 


The vagal effect was produced either by placing a small crystal of rock salt on the nuclei of the medulla 
oblongata or by their electrical stimulation. Figure 3 shows the development of the vagal effect before and 
after atropinization. As is evident from Figure 3, a, placing a small salt crystal on the medulla oblongata before 
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Fig. 3. Mechanograms (upper curves) and electrograms (lower curves) of the 
heart, recorded in conjunction with stimulation of the medulla oblongata 
with a small crystal of NaCl. 
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atropinization is accompanied by the development of cessation of the heart and an increase in the resting po- 
tential of the cardiac muscle, Following atropinization (Fig. 3, b) during stimulation of the nuclei of the vagus 
nerve a slight increase in heart rate is observed in the presence of a parallel reduction in resting potential and 
a lowering of the amplitude of the monophase action potential. A similar phenomenon was recorded in all 65 


cases, 

Thus the electrophysiological experiments also attest to a change in vagal effect, but not its exclusion, 
under the influence of atropine, 

The results obtained in comparison with the data in the literature permit one to assume that atropine pre 
vents the possibility of positivization of cardiac muscle in the presence of stimulation of the vagus nerve. Atro- 
pine by itself is capable of augmenting the resting potential, but, collaterally, it emerges also as a stabilizer of 
the level of polarity of the cardiac muscle, Accepting the point of view of M. G. Udelnov, one can maintain 
that the number of impulses arriving by way of the vagus nerve is insufficient in the atropinized state for the 
creation of positivization, and thus for inhibition of the heart. Under these conditions the usually “inhibitory” 
impulsation produces an effect of negativization, characteristic of the action of a sympathetic nerve; there 
occurs a parallel increase in heart rate and in the amplitude of heart contractions. In this case the minor 
amount of impulses arriving by way of a sympathetic nerve is incapable of producing any effect. 


We suggest that the data presented confirm the viewpoint of M. G. Udelnoy relative to the leading role of 
shifts in polarization during the emergence and development of vagal inhibition of theheart. They also show 
that atropine influences first of all the initial resting potential of cardiac muscle, eliminating the possibility 
of changing it during development of vagal inhibition of the heart. The absence of positivization under these 
conditions causes the replacement of the inhibitory effect from irritation of the vagus nerve by one of stimula- 


tion, 
SUMMARY 


In normal atropinized and chronically desympathetized frog heart the effect of vagus nerve stimulation 
is altered but not excluded, 


Stimulation of the nuclei of the vagus nerve in the medulla oblongata causes a constant sympatheticomi~ 
metric effect, The same is to be seen in chronically desympathetized frogs, During atropinization and washing 
the negative chronotropic effect caused by vagus stimulation was replaced by a positive one, The last to be 
altered was the reaction of the heart to acetylcholine, 


The atropinized heart secretes more vagus substances than the normal one, 
Stimulation of the vagus nuclei after atropinization causes a slight diminution of the resting potential 
of the heart muscles, diminishing at the same time the amplitude of monophase action potentials. 
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AN INTERPRETATION OF CERTAIN PECULIARITIES 
OF THE ARTERIAL OSCILLOGRAM OF CHILDREN* 


L. I. Abrosimova 


From the Department of Physiology (Head—N. N. Goncharov, Candidate in Medical 
Sciences; Scientific Director Assistant Prof. — Z. 1, Biryukov), of the Central Scientific 
Research Institute of Physical Culture (Director—N. G. Ozolin, Candidate in Peda- 
gogical Sciences), Moscow 


(Received June 14, 1956. Presented by V. N. Chernovsky, Active Member 
of the Academy of Medical Sciences of the USSR) 


One of the most marked characteristics of children's arterial oscillograms is the magnitude of vascular 
fluctuations, which is less than that found among adults. The oscillographic index is also smaller. 


The results of processing 3&9 oscillograms, which we recorded among 164 individuals 12 to 25 years of 
age in a state of rest, show that a small magnitude of oscillations (up to 10 mm) until the age of 16 is 
encountered in more than to 50% of cases, while among adults it is encountered in only 4%, High oscillograms 
(over 20 mm) prior to 16 years of age are rarely encountered; among adults they are found in more than half 
of the cases, 


The oscillographic index (OJ) changes not only with age, but also under the influence of physical stress, 
The physiological interpretation of the changes resulting from athletic training, the stress of training persuits, 
presents considerable difficulties. 


No definite opinion is to be found in the literature relative to the causes of the change in OI. In the opin 
ion of some authors [15, 18] the oscillographic index characterizes predominantly the work of the heart. Others 
consider the oscillographic index to be an indication of the tonus of the arterial wall. A third group suggests 
that the oscillographic index depends to the same degree both on the work of the heart and on the state of the 
arterial wall [12, 14, 22]. 

The conclusions drawn by the author were made on the basis of clinical observations, model experiments 


(with rubber tubing) or the results of the use of vasoconstricting and vasodilating substances, The amount of ex- 
perimental work in this area in comparison with the number of clinical observations is very slight, 


The aim of the present work is to establish whether it is possible by the change in a young individual's Ol 
after physical exertion to judge the change in functional state of the heart. 


EXPERIMENTAL METHODS AND RESULTS 


We studied the relationship of the OI, determined by means of a Serkin-Kudenko arterial oscillograph, and 
the diastolic- systolic difference in heart area calculated by the planimetric method in conformance with a 
roentgenokymogram (RKG) in direct projection. We did not succeed in finding similar examinations in the 
literature, 


¢ Presented at the Post-graduate Conference of the Central Scientific Research Institute of Physical Culture, 
May 12, 1956. 
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The planimetric method of computing heart area in diastole and systole according to an RKG makes it 
possible to judge the contractile capcity of the heart [1] and the magnitude of its pulsatile volume [2, 5, 8]. 


Eighteen young individuals were examined; 12 aged 12-14 and 6 aged 15-16. All of the youths were 
healthy and were engaged in light athletics in a juvenile school of sports. 


Oscillograms and RKGs were made simultaneously, at rest and 20 seconds after 40 deep knee -bends. 


No clear-cut relationship was found between the magnitude of the OI and the diastolic- systolic difference 
in heart area in the state of muscular rest; as is shown by the data listed below (Table 1), along with the same 
value of Ol both small and large values of the diastolic- systolic difference in heart area were observed. 


TABLE 


Values of the Oscillographic Index and Diastolic- Systolic 
Difference in Heart Areas at Rest 


Number of | 
observations} Value of oscillo- | Value of diastolic- 


graphic index systolic difference 
in mm) in heart areas (inem?) 
1 20 10 
2 17 13 
3 16 12 
4 14 17 
14 12 
€ 12 12 
7 12 3 
8 il 9 
9 ll 8 
10 10 10 
1] 8 6 
12 8 7 
13 8 11 
14 8 7 
15 7 9 
16 7 4 
17 7 13 
18 6 11 


The absence of a relationship between the changes in these two values was especially clearly evident after 
physical exertion (Figure 1). Among the majority the oscillographic index increased after exertion, while the 
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Fig. 1. Change in oscillographic index in mm (A) and in diastolic- systolic 
difference in heart areas in cm? (Bp) after 40 deep knee- bends, The zero 
line is the resting level, The columns located below the zero line desig- 
nate a decrease in the indices. The two contiguous columms represent 
changes in the same individual. 
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difference in diastolic- systolic heart areas was reduced in almost 50% of the cases. Thus one cannot judge the 
work of the heart by the change in oscillographic index, 


The large values of pulsatile volume of blood [13, 20, 21], a8 well as the comparatively large heart sizes 
among youths [1, 4, 6], indirectly confirm ourconclusion. 


A comparison of the values of the oscillographic index with the other characteristics of an oscillogram fur- 
nishes an identical trend in their changes, 


After comparing the changes in oscillographic index following 40 deep knee- bends with the changes of the 
third phase (the right portion of the oscillogram from the largest peak to a sudden fall-off of oscillations accor- 
ding to M. V. Kudenko), and with the change in length of the entire oscillogram, it is evident that the direc- 
tion of the changes of the third phase (Figure 2) and of the length of the oscillogram (Figure 3) in the majority 
of cases corresponds with the direction of the change in oscillographic index, Lack of correspondence is obser= 
ved in the case of extreme changes in oscillographic index, both of the largest and the smallest changes. 


Fig. 2. Change in oscillographic index in mm (A) and in the third phase of 
the oscillogram in mm of mercury (B) after 40 deep knee-bends. The other 
designations are the same as in Figure 1, 


It was assumed that the third phase and the length of the oscillogram are indications of vascular tonus [7, 
18}. A comparison of the changes in oscillographic index, length of the oscillogram and the third phase pro- 
vides grounds for the assumption that the change in the magnitude of OI after physical exertion is determined 
to a large extent by the state of the arterial wall. 


Many investigators [3, 17, 19] consider a small oscillographic index among adults to be a sign of increased 
vascular tonus, In a young person, to all appearances, this is not the case, According to our data, the short 
length of the third phase and of the entire oscillographic curve, as well as a small value of A. S. Lebedev's 
index (the difference between maximal pressure values, determined by oscillographic and ausculatory methods 
(10, 11]) are rather an indication of reduced arterial tonus at this age, Our data on the value of A. S, Lebedev's 
index at different ages are presented in Table 2. 


Thus the number of cases with a positive value of A. S. Lebedey's index grows with age, increasing sud- 
denly toward 16 years of age. A zero value of this index is encountered in almost 50% of all cases between 
ages 12to 14. Negative values of A. S. Lebedev's index are not encountered at all above age 16, 


Simultaneous use of the methods of arterial oscillography and RKG made it possible to obtain new data 
which indirectly attest to the presence of complex neuro- humoral regulation of the vascular system. If the 
latter were a simple physicai system of tubes, then with an increase in the pulse wave characterizing the work 
of the heart there would be an increase in the stretching of the vascular wall, its fluctuations and, consequently, 
in the oscillographic index. This, however, does not occur, inasmuch as, to all appearances, each change in 
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the work of the heart reflexly (chiefly through the system of pressoreceptors of the sinocarotid zone) produces 
a corresponding change in vascular tonus, a fact which makes it impossible to judge the state of the heart by 
the oscillographic index, 
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Fig. 3. Change in oscillographic index in mm (A) and in length of oscillogram 
in mm of mercury (B) after 40 deep knee-bends, The other designations are the 
same as in Figure 1. 


TABLE 2 


A. S. Lebedev's Index in Relation to Age 


Value of 


Lebedev's Index in in 3g in in }84in in in (8 2lin 
Negative 12 15 7 = 
Zero 17| 51 |25) 40 | 38] 45 | 24 1} 10 | 7} 23 
Positive 12} 37 45 | 40] 47 | 14} 56 | 13] 93 | 10) 91 8} 90 77 


Total number of 
cases 


Consequently the small OJ typical among juveniles does not indicate slight contractile capacity of the 
heart or a small pulsatile blood volume at this age, either at rest or after physical exertion. 


SUMMARY 


Simultaneously recorded values of oscillographic index (O. I.) and diastole-systole difference in heart area 
were determined planimetrically on kymograms in the state of muscle relaxation and after physical change in 
different directions, This leads us to assume that: 1) change of O. I. does not adequately show functional 
conditions of the heart in connection with physical exertion; 2) low O. I. in juveniles does not necessarily imply 
insufficient functioning of the heart; 3) lack of correspondence in the change of O, I.-values and of diastole- 
systole difference in heart area reveals complex relations in the realm of neurohumoral regulation of blood 
circulation, 
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In determining types of higher nervous activity, the standard tests are used, and in these the essential in- 
dications are given by conditioned reflexes based on response to food, However it is being reported with in- 
creasing frequency in the literature, that the conditioned reflex activity of one single animal, determined on 
the basis of only one kind of reinforcement, may differ from that determined by using a different reinforcing 
stimulus, 


I, I. Korotkin [5], using feeding and defense as reinforcements, found that only in 2 out of the 9 children 
investigated was there agreement in respect of type, when two different reinforcements were used. 


O. P. Kapustnik and V, K, Faleeva [3] report a different rate of extinction of conditioned reflexes in 
children, according to whether the reinforcement was by feeding, orientation, or speech, 


L. E, Khozak [11], in establishing conditioned reflexes and inhibitions using food, orientation, and defen- 
sive reaction, as reinforcements in children, found that according to the three metheds, one child could be 
classified as belonging at the same time to several different higher nervous activity types. 


A. G. Ivanov-Smolensky [2], dealing with work of this kind, thinks that "together with the general sympa- 
thetic type of higher nervous activity, one may also talk of a partial, component type, whose characteristic is 
either a heightened or a lowered feeding, defense, sexual, or exploratory activity, or a greater or less tendency 
to establish conditioned associations," He considers this to apply not only to increase or decrease in excitability, 


but also to lability or inertia. 


A. P. Chesnokova [12], M. S. Alekseev [1] and M. V. Troitskaya [9], working with animals, using food 
and acid as reinforcements, and applying a low standard in defining higher nervous activity, found different 
characteristic types according to the reinforcement used, 


It can be seen from the literature, therefore, that one cannot determine the type of higher nervous ac- 
tivity of an animal, purely on the basis of the feeding method, 


In the present paper we report results obtained during an investigations of the relation between conditioned 
and unconditioned reflexes, in the case of reinforcement with food, acid, or electrical stimulation of the skin. 
In this way, we can compare the conditioned reflex responses obtained with cach kind of reinforcement in one 
and the same animal, i.e., we can describe the characteristics of a type in a greater number of ways. 
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It must be noted that we made a more or less detailed determination of type, only in the case feeding 
reinforcement; when using acid or giving electrical skin stimuli, we investigated only the rate of development, 
magnitude, and consistency of the conditioned reflexes, and the speed and stability of the differentiation, 
Taking into account that all these indications are of considerable importance in determining an animal type, 
we can now to some extent determine a type of higher nervous activity on the basis of experiments using seve- 
ral different reinforcing stimuli. 


In the case of conditioned reflexes to food or acid or to stimulation of the defense reaction, we had to 
break up the stereotyped behavior and to reinforce the differentiated stimulus, and this allowed us to form con- 
clusions as to what type the animal was when acid was given or electrical stimuli were applied to the skin, 
When we compared the different indices of conditioned reflex activity in each animal, obtained by using dif- 
ferent reinforcements, we found that conditioned reflex behavior with one kind of reinforcement was sharply 
distinguished from that shown in response to another kind, and that the strength of the processes in the cortex 
might be quite different according to the kind of unconditioned stimulus, 


The results are shown in the following table. 


Conditioned Reflex Behavior with Different Kinds of Reinforcement 


Reinforcement with 


Dogs 


on Acid Electrical stimulation of skin 
Irtysh Strong balanced (Sanguine) Strong unbalanced Strong balanced 
Dozor Strong balanced (phlegmatic) Weak Strong balanced 
Ruslan Strong unbalanced Weak Weak 
Agap Weak Strong balanced - Weak 
Golub Weak Strong unbalanced Strong unbalanced 
Boi Weak Weak Weak 


From this table we see that of the 6 dogs used in the experiment,in 2 there was agreement as to type for 
all three reinforcing stimuli; one of these was shown in each case to have the strong type of nervous system, 
and the other the weak type in all three tests, In the remainder, the conditioned reflex behavior was a function 
of the kind of reinforcement. We must however point out once more that in talking of the defense reflexes, 
and those stimulated by acid, we refer only to the reflex in a general way and have not carried out the special 
tests required for an accurate determination of the type of higher nervous activity. 


It is known that the subcortical centers constitute a source of energy which is necessary for the activity 
of the cortical cells, It is also known that the different conditioned reflexes are of different strengths in the 
one animal, It is natural therefore, when the reinforcement is related to a strong unconditioned reflex, that 
the unconditioned reflex behavior will be associated with strong cortical processes, and conversely, when the 
reinforcement affects only a weak unconditioned reflex, the conditioned reflex activity will be characterized 
by the weakness of the cortical processes, 


We must also emphasize that in nearly all the animals, with reinforcement by acid or by electrical sti- 
mulation of the skin, differentiation was obtained with far greater difficulty than when food was used, 


The explanation of this is to be found in the tendency, in the case of the defense reflexes, for the exci- 
tatory condition to radiate, a tendency which results in a greater degree of generalization of the positive con- 
ditioned reflex, 
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SUMMARY 


In the course of establishing conditioned reflexes in dogs on the basis of unconditioned — food, acid and 
motor — defensive reflexes, typological peculiarities of each dog have been studied, Conditioned reflex activity 
under all of the three reinforcements has shown a coincidence of typological peculiarities in two dogs — one of 
the strong, the other of the weak type of nervous activity. As to the remaining four dogs each demonstrated 
individual typological peculiarities to each reinforcement of conditioned reflex activity, In almost all of the 
dogs the inhibitory cortical process was relatively weaker than the stimulating one, 
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The question of the effect of proprioceptor stimulation on central neurons is one which has long attracted 
attention, The aim of the present investigation is to throw light on the part played by the proprioceptor im- 
pulses in the accommodative process, by observing the rate of accommodation in peripheral motor nerve fibers, 


METHOD 


The experiments were performed on the frog Rana esculenta in autumn and winter, The brain was re- 
moved one hour before the experiment, and a preparation was made of the sciatic plexus and the muscles ap- 
propriate to the particular experiment, One of these muscles was connected to a myograph, to record the con- 
tractions, 


For stimulation of the sciatic plexus we used a slightly altered version of Solandt's circuit, giving either 
a square wave or an exponentially rising wave form; by means of a two-way switch, cither of these wave forms 
at various strengths could be applied to the sciatic plexus, Nonpolarizing electrodes were used, 


The accommodation of the motor nerve was determined graphically by recording side by side the con- 
tractions evoked by stimulation of the sciatic plexus with a square and with an exponential wave form, and 
this also served as an index of the rate of change of accommodation, 


RESULTS AND DISCUSSION 


From the beginning we were convinced that the proprioceptor impulses have an effect on the 
accommodative power of the motor nerve, through changes in the relations in the nerves at nerve centers, One 
gastrocnemius muscle was stretched with a load of 50-100 g; the sciatic plexus of theopposite side was stimulated 
by applying either square wave or exponentially rising voltages, and the resulting muscle contractions were re- 
corded; in this way both increases and decreases in the accommodative power of the motor neuron were ob- 
served, A two phase change in the accommodative power of the nerve also occurred, 


In the following experiments the attempt was made to find in what way the accommodative power of the 
motor nerve changes in relation to the conditions of dominance between the centers, as effected by the proprio- 
ceptor impulses, 


We therefore recorded norma! values of the contractions of the calf muscles, by applying single square or 
exponential wave stimuli (capacity from 0,3 to 0,7 pf) to the sciatic plexus using the circuit of Solandt, After 
this an adequate stimulus to the proprioceptors of the calf muscles of the opposite side was given, by applying 
a load of 50 g, or by periodic stimulation of the muscles, using the Dubois-Reymond inductorium with a coil 
separation 11-9,5 cms, and a Bernstein interruptor, 
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Our experiments showed that adequate stimulation of the proprioceptors of the calf muscle, acting through 
changes in subordination in the centers, brings about a regular slowing of the accommodation of the motor 
neurons of the opposite side, and that the ratio of exponential stimulus tension to square wave stimulus tension, 


These changes may be shown graphically (Fig. 1,b), We must suppose that the centers corresponding to 
the stretched triceps surae muscles are in a state of increased activity, in accordance with the principle of re- 
ciprocal innervation, The corresponding centers of the opposite side are inhibited, and this is shown by a slow- 


ing of the accommodation of the peripheral neuron, 


Ratio of degree of 

muscular contraction 
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Fig. 1. Contraction of the triceps surae in the frog: a) Myogram of the triceps surae with stimulus applied to 
sciatic plexus, P —square wave, E — exponentially rising wave form, Traces (from above downwards): myo- 

gram, mark indicating load of 50 g applied to the triceps surac of the opposite side; rmyogram reads from right 
to left, Square wave voltage = 22, exponential wave form ~ 27 divisions of the voltmeterscale, Interval be- 
tween stimuli 10 seconds; b) Diagram showing changes in accommodation; | — application, | — release of 


50 g load applied to contralateral triceps surae, 
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Fig.*2, Contractions in the m, semitendinosus of the frog, a) Myogram of the m, semitendinosus with stimula- 
tion of the sciatic plexus: P~square wave, E— exponential rise of voltage. Traces (from above downwards) : 
myogram, mark showing application of 50 g load to contralateral triceps surae; t -application, | — release 
of load; myogram reads from right to left; voltage of syuare wave —11, of exponential wave —22 divisions of 
the voltmeter scale, Interval between stimuli = 10 seconds; b) Diagram showing changes in accommodation ; 
{- application, | -— release of 50 g load applied to triceps surae, 


This conclusion is supported by the work of Kiselev, Uflyand, and Motsny who observed that during cen- 
tral inhibition induced by thalamic stimulation, in addition to other changes, there was a slowing of the accom- 
modation of the motor nerve, 

From P, E, Motsny's work we conclude that the slowing of accommodation in our experiment was due to 
a reduced lability of the muscle centers, brought about by proprioceptor influences from the muscle of the op- 


posite side, 
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D. G. Kvasov and N, A. Shoshin describe similar changes in lability of the centers due to stretching 
the triceps surae, 


In the second set of experiments we succeeded in following the accommodative changes in the motor 


neuron, due to changes in the subordinate relations in the centers brought about by stimulation of the contra- 
lateral antagonist, 


The semitendinosus muscle was stimulated with single square wave and exponential voltages, and the 
calf muscle of the opposite side was stretched with a load of 50 g. 


The results were always the same; the accommodation of the motor neuronincreased, as can be seen 
from Fig, 2, a, The results are shown graphically in Fig, 2, b. 


Our results agree with those described by Kvasov and N, A. Shoshin, who observed an increase in strength 
of the reflexes, not only of the stretched muscle, but also of its antagonist the semitendinosus, when a small 
tension of long duration was applied to the triceps surae, 


We must suppose that the increased rate of accommodation in the motor neuron, as described in this ex- 
periment, is due to an increase in the activity, and consequent slowing of the accommodative process of the 
centers representing the semitendinosus, 


When the m, semitendinosus of the opposite side was stretched, and the contractions of the triceps surae 
in response to stimulation of the sciatic plexus with the two wave forms were recorded, no clear change in the 
accommodation of the motor neuron was revealed, 


In conclusion we may say that subordinate relationships are directly affected by proprioceptor impulses, 


The accommodation of the peripheral motor nerve depends on the subordinate relationships of the cen- 
ters; it is slowed by stimulation of the proprioceptors of the contralateral synergists, and accelerated by stimu- 
lation of the contralateral antagonist, 


SUMMARY 


Experiments with Rana esculenta have shown that the ability of peripheral motor neurons to accommodate 
is due to changes in the subordinate relations in the centers: accommodation is slowed if the proprioceptor of 
the contralateral synergist is stimulated but is accelerated when the contralateral antagonist is stimulated, 
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The excitability of the conducting tissues of different animals has been the subject of many investiga- 
tions carried out in D, N, Nasonov's laboratory [3, 4]. 


In one of these investigations a study was made of the excitability of the nerves of the turtle at different 
temperatures [1, 2]. 


In the present work we have tried to find to what extent the results found for the turtle nerve are applica- 
ble to the muscle, We used the turtle Emys orbicularis (L). 


METHOD 


The experiments were performed on the tonic head muscles (m, retractor capitis) and the tetanic muscles 
(m. puboischiotibialis) of turtles, The effect of cooling and heating between 5 and 26°C, 27 and 37°C, 30 and 
41°C was investigated, 


After he muscle preparation had been made, it was kept for 1% -2 hours at room temperature in Ringer's 
solution, and was then placed on silver electrodes in a chamber and covered with liquid paraffin, whose tem- 
perature could be measured, The thermometer was placed between the electrodes which were 15 mm apart, 
Stimulation was effected by discharging condensers of different capacities, In some experiments the whoie of 
the voltage-duration curve was plotted, but usually, in order to avoid damage to the preparation from an ex- 
cessive number of discharges, only the two constants a and b from Gorveg's formula v = a/t + b were de- 
termined, The rheobase (constant b), i.e., the threshold for a stimulus of long duration, was measured in volts; 
the constant a, which is the threshold value of short acting stimuli is measured in millivolt seconds. 


RESULTS 


Three scts of experiments were carried out to determine the excitability of the m, retractor capitis, In 
the first set, the excitability on cooling from 25° to 6-7°C and reheating to 25°C was investigated, 


In all cases a change of temperature produced opposite changes of excitability according to whether the 
stimuli were long or short, Thus, on cooling, the excitability to short stimuli was reduced by 91.2%, while 
that to Jong stimuli was increased by 16.5%; on the other hand, warming increased the excitability associated 
with a by 46.1% and lowered that associated with » by 24.7%, These results were statistically significant, 


since the mean square root deviation was less than one third of the difference between the means, 
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Figure 1 shows a graph of log voltage against log stimulus duration for one of the experiments, The two 
curves intersect at a point representing 0.1 milliseconds, 


In the second set of experiments we investigated the effect of high temperatures by warming from 27°C 
to 37°C and cooling again to 27°C, 


% 


log threshold voltage (in volts) 


-28 -26 -1h Gh 14 
log time (in milliseconds) 


Fig. 1. Curves of log strength—log duration for the m., retractor capitis 
of the turtle. 1) at 6°C; 2) at 25°C, 


All 11 experiments gave the same statistically significant result; heating always caused an increase of 
excitability to short stimuli ( a was reduced on average by 23%), and a decrease of excitability to long stimuli 
(b increased by 52%), Cooling had the reverse effect and caused a 30% decrease and a 37% increase in ex- 
citability to short and long stimuli respectively, 


in the third set, consisting of 5 experiments, the temperature was changed 30° to 41° and back from 41° 
to 30°, 


The same results were obtained; on warming a_ was reduced by 20, and b increased by 6%; on 
cooling ‘a’ increased by 31% and 'b’ decreased by 38%. 


Thus for any temperature change between 5°C and 41°C the two indices of excitability change in opposite 
directions, but the excitability of the muscle to stimuli of moderate duration, (about 0.1 milliseconds), re- 
mains unchanged and is independent of temperature, 


Also when the temperature is changed from 6°C to 26°C the excitability, as indicated by the constant a 
changes more than does the rheobase value b , whereas in the range 27-41°C the opposite is the case, 


Two sets of experiments were carried out to measure the excitability of the m. puboischiotibialis, In the 
first set the temperature changed from 5°C to 26°C and back to 5°C, 


On heating to 26°C b increases by 41%, and a decreases by 51%, Cooling to 5° produces the reverse 
effect, and b decreases by 2% and a_ increases by 103%. 


The strength duration curves from one of the experiments are shown in Fig. 2, and they can be seen to 
intersect at a point representing a stimulus duration of approximately 0,08 milliseconds, 


In the next set of experiments, the m. puboischiotibialis was heated from 27°C to 37°C and cooled again 
to 27°C, just as in the case of the m., retractor capitis, The results however were not the same: this time the 
change of the index 'b’ was very small, being between 3% and 10% which is not statistically significant, and 
the index 'a’decreased on warming by an average of 30% and increased on cooling by 53%, Therefore, instead 
of the two strength-duration curves intersecting sharply, they coincide for a considerable part of their length 
(Fig. 3). In other words for this temperature range the excitability of the muscle is independent of temperature 
for stimuli of almost all lengths, 
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Thus the only difference between the two muscles with respect to changes in excitability ogcur in the 
temperature range 27-37°C, Changes from 5°C to 26°C and back, affect tonic an tetanic muscles in the same 
way, and even the quantitative changes in the constants a and b are similar. Two strength-duration curves 


log threshold voltage (in volts) 


28 -24 “th th 
log time (in milliseconds) 


Fig. 2. Curves of log strength — log duration for m, puboischiotibialis of 
the turtle, 1) at 5°C; 2) at 26°C, 


taken at different temperatures intersect each other, which demonstrates that the excitability to stimuli of 
physiological duration is independent of temperature, This reveals an adaptation of the cells to the mainte- 
nance of a constant level of excitability, unaffected by temperature changes, 


log threshold voltage (in volts) 


-28 -2h -06 14 
log time (in milliseconds) 


Fig. 3, Curves of log strength— log duration for m, puboischiotibialis 
of the turtle, 1) at 28°C; 2) at 38°C, 


SUMMARY 


The effect of cooling and heating of tonic and tetanic muscles of the turtle Emys orbicularis on the 
excitability caused by stimulation of various durations has been studied. 


Cooling of muscles enhanced the excitability caused by prolonged stimulation and shortened that caused 
by brief stimulation, Heating caused a reverse effect. Asa result, strength-duration curves Cross at the area 
corresponding approximately to the duration of physiologic stimulus, In the zone where the curves cross the 
excitability is not altered by thermal changes, demonstrating an effective cellular adaptation, protecting 
muscular excitability from the effect of sharp thermal changes. 
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In contrast to the large number of reflexes which inhibit intestinal movements, and which can be ob- 
tained from certain well-defined portions of the gut, as well as by stimulation of certain afferent nerves, there - 
are in the literature only a few references to stimulation of intestinal movements, In particular there are no 
references to the effect on intestinal movements of stimuli affecting the receptors of the esophagus, 


Pearcey and van Licre observed inhibition of gastric contractions on distention of the esophagus, as well 
as a reduced tone of the cardiac and pyloric sphincters, 


After dilatation of the esophagus Pearcey and van Liere found an inhibition of gastric contractions, a re- 
duction in tone of the cardiac and pyloric sphincters, and an increase in tone of the ileocecal sphincter. 


A. I, Ivanov [7] concluded from his short-term experiments on cats, that stimulation of the interoceptors of 
the esophagus is without effect on the motility of the intestine, I, P. Dolgachev [6] found an increased peris- 
talsis of the large intestine after distention of the abdominal portion of the esophagus, 


The aim of the present investigation was to find the effect of repeated stimulation of the esophogeal re- 
ceptors on intestinal motility, 


EXPERIMENTAL METHODS 


The experiments were performed 18-20 hours after the last meal, on two esophagotomized dogs Malchik and 
Bimba, with gastric and jejunal fistulae, Stimulation of the esophagus was effected by inflating a thin-walled 
balloon 4-7 cm, in length, located in the middle or lower third of the esophagus, The balloon was connected 
to an apparatus giving a steady flow of air. It was also joined by means of a 3-way connection with a Marey 
capsule for registration of esophageal movements on a kymograph, and with a mercury manometer for control 
of pressure in the balloon, Stimulation was applied for 2-3 mins, Gastric and intestinal movements were re- 
corded by means of balloons, using a hydraulic transmission, and a Marey capsule on the kymogmph. The stimu- 
lus to the esophagus was given at various phases of the activity of the stomach and intestine, Sixty experiments 
were performed on the 2 dogs, during which time 448 tests of the effect of esopfageal stimulation were made, 


EXPERIMENTAL RESULTS 


Stimulation of the mechanoreceptors of the esophagus by inflating a baloon to 40-50 ml during peristalsis 
of the intestine had no effect on its motility (Fig. 1); (this degree of inflation represented a pressure of 2 to 10 
mm of mercury during relaxation of the esophagus, and 8-30 mm during contraction); it had an inhibiting ef- 
fect on contractions of the cardiac portion of the stomach, Inflation of the baloon to 75 ml and to 100-150 ml 
evoked powerful contractions of the esophagus, There was little difference in the pressures obtained during the 
contractions, the values being 30-60 mm and 50-60 mm of mercury respectively, During relaxation, the pressures 
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and volumes were as follows: 75 mi-5-20 mm; 100 ml—10-30 mm; 150 ml— 20-40 mm, There was never 
any inhibition of intestinal movement, The contractions of the fundus could be inhibited just as in the case of 
a balloon of volume 40-50 ml, The supply of air to the balloon caused no pain to the animal, for when a cer- 
tain stimulus intensity was exceeded, vomitting occurred and we immediately released air from the balloon, 
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Fig. 1. Absence of inhibition of spontaneous contractions of the 
small intestine on stimulation of the mechanoreceptors of the 
esophagus, and inhibition of stomach movements, Curves (from 
above downwards): stomach movements, movements of the je- 
junum, stimulus trace (inflation of esophagus to 50 ml, pressure 
8-28 mm), time (15 second intervals). 


Fig. 2, No inhibition of intestinal movement at the end of the 
period of rhythmic activity of the jejunum, and inhibition of 
stomach movements, Vomitting after the stimulus, Curves as 
in Figure 1. 


551 


Kd | | | 
| 
- 


In some of our experiments stimulation of the esophagus during a period of intestinal activity resulted 
in tonic or peristaltic waves in the empty intestine, Stimulation of the esophagus during the terminal phase 
of the movement, called by O, P. Kufarev [8] the terminal rhythmic phase, (Murakami and Uchijamu's tetanic 


phase [10]), has no effect on the rhythmical contractions of the intestine, whatever the strength of the stimulus, 
A more powerful stimulus leads as before to vomitting. 


In most cases a short stimulus of 1-3 minutes, with a balloon volume of 40-50 mi and a pressure of 2-10 : 

or 8-25 mm according to the contraction of the esophagus, when the intestine was at rest, stimulated intestinal P 
movement (Fig, 3), At the moment of inflation of the balloon, the tone of the stomach was either somewhat . 
lowered, or unchanged. This shows that the movements induced in the small intestine do not arise from waves 7 
passing from the esophagu: along the stomach, u 
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Fig. 3. Excitation of movement in the small intestine through stimu- 
lation of the mechanoreceptors of the esophagus during period of rest 
of intestine, Tone of stomach reduced during stimulation of esopha- 
gus. Curves as in Figure 1, 


The magnitude and latent period of the response of the intestine to esophageal stimulation depends on the 
timing of the stimulus; at the beginning of a resting period the response is weak, with a long latent period of 
1-2 minutes; if the balloon is inflated to 40-50 ml 5-10 minutes after the beginning of a resting period, the 
response is still weaker or absent, but if the stimulus is applied later, the response is greater and the latent 
period is shortened to 30-60 seconds, As the moment at which the esophagus receives the: stimulus approaches 
the period at which movement would begin spontaneously, the response increases in amplitude and duration, 
and the latent period is reduced, Stimulation with 40-50 ml just before an active period is due, brings on con- 
tractions which last for a considerable time and which represent a normal period of activity. 


Thus the reaction of the small intestine to stimulation of the esophagus, is the same as that which we pre- 
viously observed to originate from the stomach [4], On stimulating the esophagus with 75-100 ml during a 
period of intestinal rest, the same reaction as before occurs, except that the latent period is shorter, and the 
response is greater, If the stimulus is very strong it causes vomitting, just as in the case when it is applied 
during a period of activity. 


If the stimulation is applied many times per day, an adaptation occurs to the particular strength of stimu- 
lus used, and the response is reduced. Increase of stimulus strength again evokes a clear-cut reaction, 


The results afford clear evidence of a stimulant effect exerted by the esophagus on the movement of the 
small intestine when an adequate stimulus is applied, for a dog is capable of swallowing a lump of food of 
greater volume than the inflated balloon which we used, We cannot therefore agree with A. I, Ivanov who 
concluded from the evidence obtained ip short experiments, that no changes in intestinal movements occur 
during the passage of food along the esophagus, : 
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It is wellknown that intestinal movements are considerably reduced for a considerable period after opening 
the abdominai cavity, This is particularly true of the intestine of the cat, in which the chief movement is a 
rhythmical one which divides the gut up into segments [9]. In the operations performed by A. I. Ivanov, con- 
siderable damage was caused to the stomach and intestine, which must certainly have affected intestinal moti- 
lity. We must also remember that these experiments were performed on anesthetized animals, and this may be 
the reason why he [7] failed to observe the stimulant action of the esophagus on intestinal motility. In his ex- 
periments stimulation of the mechanoreceptors of the esophagus produced no inhibitory effect on the intestine, 
and this agrecs with our results, Since stimulation of the esophagus exerts its action on the intestine at a time 
when the gastric tone has been reduced also by esophogeal action, or else has remained unchanged, we deduce 
that there must exist some reflex not yet described in the literature, which mediates this effect, Additional 
evidence is obtained from our results showing a stimulant action of the esophagus on intestinal motility in cases 
where the intestinal wall was cut above the place from which the movements were recorded, 


From these results and those of the previous investigations [1-5], we may conclude that the increase in ins 
testinal movements that takes place on feeding in normal animals, occurs as a result of the summation of the 
following reactions: 1) conditioned reflex stimulation from the eye and nose reacting to the sight and smell 
of the food, before feeding, 2) conditioned reflex stimulation initiated by the act of eating [5], 3) reflex action 
from the esophagus, 4) reflex action from the stomach, Also, on entry of chyme into the intestine, the degree 
of movement of the small intestine is to a large extent determined by the action of its constituents on the duo- 
denum and other parts of the intestine, 


SUMMARY 


Extensive observations of two esophagotomized dogs with fistulae of the stomach and jejunum have shown, 
that stimulation of the esophagus by an introduced ballon elicits reflex movements of the jejunum, The 
character of reflex activity depends on the intensity of stimulation and the functional state of the motor apparatus 
of the stomach and intestine at the moment of esophageal stimulation. 
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The action of caffeine on the secretion of the salivary glands is of interest for two reasons; first, because 
of its effect on the summation of stimuli, and secondly because of its action on the gland itself, this being the 
last stage in the conditioned food reflex, from which inferences are made about the basic processes in the 
cerebral cortex, 


The present work is a study of the effect of caffeine on summation in the submaxillary gland. 


METHOD 


Thirty-one experiments were performed on cats, A combined anesthetic was used; induction was with 
ether which was followed by injection of a 0,25-0,.3 g per kg body weight of a 2% solution of Medinal, 


The gland was separated from the nervous system only, by cutting the lingual nerve, and the preganglionic 
fibers of the sympathetic nerve supply, The rate of secretion was recorded from the movement of the liquid 
ineniscus in a glass tube connected to a fistula in the duct of the gland, In each case, the ability of the gland 
to summate was determined from the number of electrical stimuli to the gland required to cause secretion be- 
fore and after the administration of caffeine, Intravenous injections were given of coffeinum benzoicum in a 
2-10% solution; in 10 experiments the amount was 0,0067-0,062 g and in 6 experiments it was 0.1 g per kg 
body weight, 


RESULTS 


The action of caffeine could be observed as early as five minutes after its injection, In all the 16 experi- ' 
ments, the number of stimuli required to elicit the secretion was less after the injection (Table 1). 


For example in Experiment 10, with stimulation at one second intervals, before the injection of caffeine, ' 
98 stimuli were required but after the injection only 20 were needed; at 4 per second, before injection 42 and ’ 
after injection 22 stimuli were required, 


With lower rates of stimulation, caffeine also caused a considerable reduction in the number of stimuli re- 
quired, In the range from 8 stimuli per second to 1 stimulus per 2 seconds, the slower the rhythm the greater 
was the reduction, 


In 8 experiments there was a displacement of the minimum rate towards a lower value, Thus, in Experi- 
ment No, 1, before caffeine the minimum rate was 4 per second, and after, 1 per second, 


In the second set of experiments we measured the greatest interval between electrical stimuli at which 
summation occurred (Table 2), 
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TABLE 1 


The Effect of Caffeine on the Secretory Reaction of the Gland in 
Response to Electrical Stimulation 


Strength of | Rate of sti numum number of stim - 
Stimulus |ulation (No. i required to cause 
Expt.No. bey of stimuli secretion 
een the int required to |,_, Before After 
dnction cause secre- injection of | injection of 
in cm, tion caffein caffein 
17 1/1 42 25 
2/1 44 24 
4/1 38 30 
2 25 2/1 120 48 
4/\ 138 94 
8/1 112 88 
6 24 1/2 50 27 
35 24 
2/1 29 19 
4/1 30 22 
8/1. 40 24 
10 25 i/l 98 20 
4/\ 42 22 
8/1 44 28 
i 15 1/1 28 5 
2/1 24 8 
4/1 32 
8/1 46 22 


After the injection of caffeine the gland was able to summate the effects of stimuli, at intervals which 
before the injection were too great to be effective. After caffeine the maximum interval between the stimuli 
was increased 3-5 times, 


We have found no references in the literature to the effect of caffeine on summation or other functions of 
the salivary glands, 


As our work has shown, caffeine increases the reactivity of the gland, as is shown by its increased power 
to effect summation, We found no clear relation between the summation effect and the dose; the dose range 
was very great, from 0,0067 to 0.1 g per kg body weight, 
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TABLE 2, 


Effect of Caffeine on the Maximum In- 
terval between Stimuli at which Summa- 
tion is Effective 


Interval between stimuli. 
(in seconds) 


Before After 
injection of | injection of 
caffein caffein 


2 
2 
2 
2 
17 3 
3 
4 
4 
5 
6 
7 


SUMMARY 


In cats with the lingual nerve and the preganglionic sympathetic nerve trunk dissected intravenous injection 
of caffeine enhanced the ability of the submaxillary gland to summate induction current stimuli eliciting a 
secretory effect. 


— 


Expt, No. 
3 
4 
12 
10 
4 20 
15 
10 
12 
5 
| 20 
24 
20 
i 
‘ 
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The question of the specific dynamic action (SDA) of food has been of interest to many for a long time, 
Most workers (10, 11, 12] consider the SDA to result from the direct action of the food breakdown products on 
the body cells, However, since 1920, facts have begun to accumulate which suggest that the nervous system 
is involved, It has been shown [8, 9, 13], that after section of the gastric nerves and also after giving ergota- 
mine, the SDA is reduced or disappears completely, while after treatment with substances exerting a stimulant 
action on the autonomic system (mainly the sympathetic), it is increased, 


The role of the cerebral cortex in SDA has been shown by K, M. Bykov's collaborators [3,4, 6]. R. P, Ol- 
nyanskaya [4] distinguished two phases of the SDA: a complex reflex, and a neurochemical, However she and 
other of K, M, Bykov's co-workers treated the reflex phase as a pure conditioned reflex, The reflex component 
of the neurochemical! phase has scarcely been studied at all, In E, A, Asratyan's laboratory much data has been 
obtained from decortication experiments on the effect of the cerebral cortex on unconditioned reflex regulation 
of gastric, biliary and salivary secretion, regulation of the circulatory system, etc, 


We studied particularly the SDA of food in dogs, after extirpating the cortex of one or both cerebral hemis- 
pheres, 


METHOD 


Gaseous exchange was determined by Douglas-Haldane and Tsuntts-Haldane methods, The animals were 
given 200 g of meat 18-20 hours after their last meal. The expired air was collected for 30 minutes before 
giving the food, and for 5-10 minutes every half hour for 12-18 hours, At each stage of the investigation, (i.e., 
before the operation, and after removal of one and then the other cerebral hemisphere), each animal was tested 
in 8-15 experiments to determine the SDA of food. In order to prevent conditioned reflexes being formed by the 
experimental set-up in which the food was given, these experiments were randomly mixed in a series, and de- 
terminations of the gaseous exchange were made in a resting condition, and after administration of thyroxin, 
Also at each stage of the investigation, 2-3 control experiments were arranged in which the gaseous exchange 
was determined on fasting animals (in these experiments the variation in the gaseous exchange during the course 
of the day was not more than ¥), These experiments were carried out on the dog Prokaznik for 6 months before 
the operation, for 8 months after the extirpation of the first cerebral hemisphere, and for as long again after the 
removal of the second; on Beloi the corresponding periods were 4¥,, 3 months and one year; on Novy the 
periods were 5, 8'/, months, and 1 year; on Umnits — 8 and 8'/, months (the dog died 5 days after removal of 
the second cerebral hemisphere), Also on one dog Tsygan, the experiments were performed only after bilateral 
decortication (6 experiments after 1 month, and 6 after 1 year 11 months), Since we had no SDA curves for 
this animal before the operation, it was difficult to determine how much the values obtained later differed from 
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the normal, and these latter could only be used to find the changes in SDA which occurred after the bilateral 
decortication, 


RESULTS 


We give here the average values of the gascous exchange calculated from all the experiments for each 
dog. In normal animals, even half an hour after taking food the oxygen consumption is increased; in Prokaznik 
the average increase was 19,6, in Beloi ~11.1%, inUnmits —4,4%, in Novy — 3,4%(see Figure), The maxi- 
mum oxygen absorption occurred in Beloi and Novy 6 hours, and inUnmits 5 hours after feeding, In Prokaznik 
there were two almost equal maxima after 54/4 and 64/4 hours, The increase in oxygen consumption was 74.4% 
in Prokaznik,46,1% in 30.35 in Novy, and 27.1% in Uinnits, InProkaznik and Beloi there was a return to 
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the initial exchange rate after 10'/ hours, and in Novy and Umnits after 9*/, hours. There were thus consider- 
able individual variations in the reactions to food of the different dogs, and a comparison of the SDA before and 
after decortication was only possible by comparing pairs of values for the same animal, 


After removal of one cerebral hemisphere in almost all the experiments there was an increase in the period 
of raised oxygen consumpiion. The maximum absorption of oxygen occurred somewhat earlier, and had approxi- 
mately the saine value as that obtained before the operation. 


In completely decorticate animals considerable changes in the oxygen consumption curve were shown, The 
increase half an hour and one hour after feeding was less than before decortication, This was particularly 


clearly shown Proksaznik and Beloi. Before the operation in Prokaznikthe exchange rate had increased by 
19.6% half an hour after feeding, and by 27.5% one hour after feeding, while after the operation the figures 
were 6% and 9% respectively; Beloi the figures were 11.1% and 10.3% before, and 4.5% and 4.4% after 


operation, In Novy the changes were not so distinct because even before the operation the increases half an 
hour and one hour after feeding were only 3.4% and 2.7%. The gaseous exchange curve inProkaznik and Beloi 
lies below the preoperational curve for several hours. The maximum rate was delayed by operation: in Beloi 
and Novy by 1’/ hours, and in Prokaznik by not less than 1 hour, The following was the most noticeable effect ;: 
in the normal animal the gascous exchange rate returned tothe resting level after 9*/- 10'/, hours, but after com- 
plete decortication only after 15-16 hours. No regular change in the maximum rate was observed (see Figure), 


The experiments on the SDA of food were begun a few days after the complete decortication, and were 
continued for the whole of the period of investigation. However there was no appreciable change in the shape 
of the oxygen consumption curves during this time. 


What body functions affecting the SDA are absent after decortication? K.M. Bykov's co-workers showed 
the predominantly conditioned reflex nature of the first phase of the SDA. But the changes observed by us could 
hardly be explained by the disappearance of conditioned reflex regulation, One has only to recall the shape 
of the SDA curves obtained after introducing food directly into the stomach [3, 4]. In A. R. Makharova and 
R. P. Olnyanskaya‘s experiments and in our own, the gaseous exchange curve began both to rise later and to 
reach a maximum later than in normals; on introducing food into the stomach, the delay was considerable 
(3-5 hours), whereas in decorticate dogs the gaseous exchange rate began to rise even in the first hour and 
reached a maximum 11/, 2'/ hours later than normal. It is clear that this represents the unconditioned reflex 
mechanism of the first phase of the SDA, changed admittedly by the effect of decortication. The part played 
by the conditioned reflex component in the second SDA phase is minimal. Nevertheless the considerable changes 
in the second phase which occur in decorticate dogs certainly are a result of the loss of the cortex, and resemble 
closely changes in other reflexes found recently by other of E. A. Asratyan's co-workers (1, 2, 7] in decorticate 
animals, 


We may suppose therefore that the reflex mechanism is involved in the second phase of the SDA as well, 
while observing at the same time that the unconditioned reflex regulation becomes less perfect and precise 
after deccrtication. The reflex response to the food stimulus (increased gaseous exchange rate) is unsteady for 
some time, and is then maintained for a considerable period, It seems to us that these results are in line with 
the Pavlovian view of the cortical representation of unconditioned reflexes. 


R. F. Olnyanskaya showed the importance of thyroxin in the SDA. The question of the degree to which 
the cerebral cortex is involved in the mechanism of the action of thyroxin is itself of considerable interest. 
This stimulated us to investigate in our own dogs the effect of thyroxin on the gaseous exchange rate, Subcu- 
taneous injections of 0.3 mg per kg body weight of thyroxin were given. The expired air was collected before 
giving the hormone, and thereafter for half an hour three times for 5-9 days. 


Before the operation, in all dogs, for the first day after the thyroxin injection, the gaseous exchange rate 
was increased by 3.6-8%. The maximum increase occurred on the second, or more rarely on the third day, and 
varied from 23.9 to 55.3%; by the 4th- 5th day the rate had returned to its original value, After removal of one 
hemisphere the change in the exchange rate was not clearly shown, and was not always in the same direction, 


In all dogs, after complete decortication, the rate of absorption of oxygen increased more after injection 


of thyroxin than normally. 
y y 


The greatest increase in comparison to the normal was shown in the increase in energy expenditure per kg 
of body weight; this is shown in the following table: 
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Percentage Percentage 
increase before after 
opcration operation 


Prokaznik 
Novy 
Be loi 


In all the animals a phenomenon was shown, which occurred in all the other functional tests. After giving 


thyroxin to decorticate animals the gaseous exchange rate returned to its original level 23 days later than in 
the same animals before removal of the cortex, 


The results obtained show that the cerebral cortex plays an essential part jn the effect of thyroxin on the 
gaseous exchange rate. 
SUMMARY 


Specific dynamic action of food was studied in normal dogs and after extirpation of the cortex of one or 
both hemispheres of the brain. After complete decortication the curve of the specific dynamic action of food 
slowly riscs, then reaches the top and returns to the initial level after a much longer time than before the opera- 
tion. These changes indicate that the cortex participates not only in conditioned but also inunconditioned 


reflex mechanisin of specific dynamic action of food. 
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The results of many years of experience and a mass of experimental results lead us to conclude that fre- 
quently repeated muscular work is necessary in order to establish a condition of being in training, and that after 
the muscle work, a trace(aftereffect) remains, on which the functional changes produced by subsequent exer- 
cise are superimposed, 


In a more detailed study of the aftercffect some authors have investigated the functional changes associ- 
ated with repeated muscular work, in the case when the interval between the repetitions is small. 


The group directed by G. E, Viadimirov [1, 2, 3] showed in animal experiments, that on repetition of a 
standard exercise at short intervals the increase in the lactic acid content of the blood was less at each repetition, 
With repeated exercise in men they failed to find a regular reduction in the *working shifts" of lactic acid. 
There were however certain changes associated with the repeated work: in many cases there was a reduction in 
the respiratory quotient (R.Q.) and a more rapid return of the oxygen consumption to normal after each succes 
sive period of work. 


The work of M. E. Marshak [4, 5) showed that a second spell of work, undertaken before complete recovery 


_ from the first, does not result in cither a further expenditure of energy of an increase in the blood lactic acid, 


and that in the next spell of work the period of "working in” is shortened. 


The effect of repeated muscular work on the pulse rate has been described in the papers of I. N. Popov and 
G. G. Saruchanov [6]. 


Our aim was to find, through study of respiration and heart rates inrepeated muscular work: a) the rela- 
tion between the initial work, and changes in subsequent performance, carried out at short time intervals in the 
same experiment, b) the effect of frequent repetition of a standard set of exercises. 


METHOD 


The investigations were carried out on subjects aged 18-25 years. Records were made of the pulmonary 
ventilation (every thiry seconds), the respiration rate, the pulse frequency (using a photoclectric counter), the 
blood pressure, and the degree of oxygen saturation of the arterial blood (oxyhemometer), 


The dynamic work was done on a bicycle ergometer, and the static work was performed on an apparatus in 
which a constant tention had to be maintained, 
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After a certain level of training had been reached in one task, another was introduced, and after 10-15 
training sessions, a third was added, tn certain cases four separate exercises were uted in one experiment, 


The average interval between dynamic work sessious was 5 minutes, so that they occurred at the end of 
a period of recovery from the work of the preceding session, In one series the interval was increased to 20 
minutes, Repetition of the static work was cartied out after complete recovery, as shown by the return of all 
the measured quantities to their initial values (28 minutes according to the subject), 


RESULTS 


On repetition of two or three spells of dynamic work, each successive working session caused a smaller in- 
crease in pulmonary ventilation, pulse frequency and respiration rate; in addition there was a more rapid im 
crease of these quantities at the beginning of the session and the recovery period was shorter than in the pre 


ceding session (Fig. 1). 


task 2 


task 3 


task 1 task 2 task 3 


a time (in minutes) time (in minutes) 


Fig. 1. Effect of one task on the pulmonary ventilation(a), respiration rate (b), and 
pulse frequency (c), during the performance of the next task. 


During the first working period, the arterial oxygen saturation was reduced in some subjects by 3 6%, and 
in each subsequent session the reduction became progressively smaller, 


Although the pulmonary ventilation was Jess in the first than in the second and third sessions the oxygen 


saturation was increased, This may indicate that the oxygen saturation docs not depend on the pulmonary venti - 
lation rate, but on the relative values of the pulmonary circulation and gaseous exchange rates, 


The respiratory and circulatory changes occurring during the 2nd and 3rd working sessions of one experi- 
ment, were analogous to the changes observed after many days of training to a single task, 


During the process of training to a repeated set of tasks, it was noticed that the pulmonary ventilation, the 
respiration rate, and the pulse rate during the first task, all increased gradually in each successive experiment 
(Fig. 2, a and b). The shape of the recovery phase after the first session also showed a change in all of the quan- 
tities measured: during the first and second minutes after the end of the first working session there was a con 
siderable reduction in pulmonary ventilation, respiration rate, and pulse frequency; however, subsequent re- 
covery was greatly slowed or even arrested, In some experiments, even 1-2 minutes before the start of the next 
task, an increase in pulmonary ventilation and pulse frequency was observed. 


This phenomenon is observed only on repeatedly working through a group of exercises, and is explained in 
terms of the emergence of a dynamic stercotype, in which all the tasks which make up the group, and the in 
tervals between them become fixed as a unit in the higher nervous centers, and from the enset the work is pere 


formed as one single complex. 
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This conclusion teceives support froni the second set of experiments, in which the severity of cach separate 
task an the group was periodically changed according to a single accurately followed plan, In the early experti- 
mems the task of altered severity caused Muctuation of the pulmonary ventilation, respiration rate, pulse rate, 
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Fig. 2. Effect of training on a group of repeated standard tasks on pulmonary 
ventilation (a) and pulse frequency (b). 


and arterial oxygen saturation of varying extent, according to the degree of alteration, The fluctuation of these 
quantities increased in proportion to the extent of the training. 


The following experiments offer good evidence that the changes in the observed parameters occurring on 
repeated execution of a group of tasks, are due to the development of a dynamic stereotype: if, after long 
training to a group of tasks whose severity changed during the experiment, the severity was made not to change, 
there then occurred just such fluctuations in pulmonary ventilation as are normally observed to occur with work 
tasks of varied severity. Typically the fluctuations of pulmonary ventilation coincided in time and intensity 
with the pcriods of greater or less work (Fig. 3). 


Repetition for several days of certain static exercises with short rests, also led to the devclopment of a 
dynamic stcreotype. 


The breakup of the habitual complex of static tasks by an extra task, or by the change of one of the in- 
tervals, caused respiratory and circulatory changes to occur while working on these standard tasks; the pulmo- 
nary ventilation, the respiration rate and the pulse frequency increased in all tasks, and in spite of the increased 
pulmonary ventilation, the standard static load caused an increased fall in the arterial oxygen saturation, This 


indicates a breakdown of the correlation between acration and the pulmonary blood supply of separate parts of 
the lungs, and a reduced effectiveness of the respiration, 
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The results of these investigations afford convincing evidence of the highly timportant function of the higher 
nervous Centers in effecting the respiratory and circulatory changes induced by both repeated muscular work 


during the course of a single experiment, and by repeatedly working through a set of muscular exercises. 
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Fig. 3. Changes in pulmonary ventilation while per- 
forming work at a constant rate after lengthy training 
on work at a variable rate. 

1) Task No. 1; Task No, 2. 


SUMMARY 
7 Changes in lung ventilation, frequency of respiratory movements, pulse rate,blood pressure and oxygen GS 
4 saturation of arterial blood have been studied during dynamic and static work. 

a With each new performance lung ventilation, pulse and respiratory rate increased less and less. 7 
4 The rate of these functions was increased with the start of each new performance, while the duration of the 4 
4 restoration period diminished, 

q As training in each complex of work was prolonged, lun; ventilation,pulse and respiratory rate, increased with 
4 each experiment: the character of their restoration changed as well. 

4 Changes of external respiration and blood circulation occurring during work resulted in the development of 
q a reinforced dynamic stercotype. 
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CHANGES OF THE OCULO-VAGAL REFLEX IN MONKEYS DURING 
PHARMACOLOGICALLY INDUCED SLEEP 


Sh. L. Dzhalagoniya 


From the Laboratory of Physiology and Pathology of the Higher Nervous 
Activity, Sukhumi Medico- biological Station (Director-Candidate of 
Medical Scicnces I, A. Utkin) the USSR Academy of Medical Sciences 


(Received January 1, 1957, Presented by Active Member of the Academy of Medical 
Medical Sciences, Professor V. V. Partin) 


D. 1. Miminoshvili (3) observed in monkeys suffering from a neurosis, or hypnotized into a slumbering or 
an alert condition, changes in the electrocardiograph indicating disturbance of the coronary circulation, Ana- 
logous changes have been described in hypnosis in man (6, 7). Clinical observations have indicated the occur- 
rence of cardiac crises [4,8] and the occurrence of unpleasant sensations in the region of the heart (2) during 
short spells of sleep, In this connection it would scém worttr while to investigate the oculo- vagal reflex in 
monkeys during pharmacologically induced sleep, and to attempt to explain changes in the reflex which occur 
during the various phases of cortical inhibition found in studying the relation between the cortex and the lower 
centers in various cortical conditions, 


METHOD 


After a preliminary study of the oculo- vagal reflex in monkeys, we investigated the same reflex in bar- 
bamy! “induced slcep in 6 rhesus monkeys, including 3 practically healthy animals (Muruk, Dergach, Muflon) 
and three suffering from various pathological conditions (Karabas—clearly shown neurosis, Tiger— prolonged 
hypertension, and Fata— marked vagotonia, and fatness due to long confinement in a small cagd. 


A subcutaneous injection of 80-85 mg per kg body weight of 107, barbamyl! was given in the spinal region. 
Sleep lasted about 4 hours. The experiments were carried out in a sound-proof room, and an electrical recor- 
ding of the pulse rate was made, Lead 2 of the electrocardiogram was by needle electrodes and the recording 
made on anink recorder, After the animals had become used to the experimental setup , and the baseline of 
the normal rhythms had been established and recorded, a record was made of the oculo- vagal reflex when the 
animal was alert, drowsy, in deep sleep, or waking.. The reflex was clicited every 10-15 minutes by pressure 
of the finger on the right eye for 45 seconds, For each of the phasic conditions, pressure was applied for an 
average of 4 times, The strength of the reflex was measured as the percentage change of the initial heart rate 
caused by each application of pressure to the eye. The valuc for the initial strength of the reflex in the alert 
condition was taken as the mean of several determinations, 


RESULTS 


Shortly after the barbainyl injection, we observed in the healthy monkeys, over a period of 20-30 minutes, 
a gtadual increase in the value of the oculo- vagal reflex from its value in the alert staté. As the sleep became 
decper the value of the reflex progressively fell to zero. This second phase of the induction of sleep lasted 


about 20 minutes, 
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During deep sleep the refles inercased somewhat in strength and attained a value interinediate between that 
of induction and awakening periods, During the 2nd half of the period of sleep the reflex attained or slightly 
exceeded the initial value, Ou arousal the strength of the reflex was as a rule at first greater and then fell to 
its original value, 


Fig. 1. Changes in the oculo- vagal reflex in normal monkeys. 
A) Muruk, Experiment 6/15/1955; B) Muflon, Experiment 
9/23/1955; C) Dergach, Experimen: 6/14/1955; Strength of 
the reflex expressed as a percentage of its original value for 
each application of pressure to the eye. Below— time in 
hours and minutes, 


This sequence of changes in the oculo- vagal reflex during the different phases of cortical inhibition was 
repeated as a rule in all the normal animals (Fig. 1), The increase in the strength of the reflex during the first 
half of the period of induction and on arousal was found to be the same in each of the two groups, Nevertheless 
the pathological group showed several differences (Fig. 2. Although the reflex gradually diminished during the 
second half of the induction period, it did not become reduced to zero, In the second half of the sleep period 
the reflex value was stronger than at first, though more frequently it had a strength somewhat below the maxi- 
mum value characteristic of the period of arousal. 


The series of changes just describedin the strength of the oculo- vagal reflex during the different phases of 
sleep can be explained in terms of the relations between the cortex and the subcortex, 


In the first half of the period of sleep induction, we may suppose that the increase in the strength of the 
reflex is brought about by positive induction from the cortex, where the inhibitory process begins to become 
concentrated on the subcortical centers and on the vagal nuclei in particular, The progressive weakening or 
inhibition of the reflex in the second half of the induction period corresponds to the process of gradual irradia- 
tion of the inhibitory process from the cortex into the subcortex, The growth of the reflex during the period of 
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deep sleep is a result of the development and increase in strength of the process of disinhibition; this commences 
in the lower regions of the subcortes, including the vagal nuclei, and later reaches the higher subcortical centers 
as a result of a weakening of the inhibition associated with sleep, At the end of sleep the inhibitory process in 
the cortex has become weakened to such an extent that it is no longer able to counteract the growing strength 

of the disinhibitory process in the subcortex, and it is evidently this which leads to awakening. We may suppose 
that the increase in strength of the reflex is brought about by positive induction from the cortex into the siabcor- 
tex which has been released from the effects of inhibition. . 


C—O 


Fig. 2. Changes in the oculo- vagal refl<x in monkeys with patho- 
logical disorders, A) Karabas, Experiment 9/15/1955; B) Fata, 
Experiment 11/2(/1954; C) Tiger, Experiment 10/7/1954, The 
strength of the reflex is expressed as a percentage of its initial 
value for each application of pressure to the eye. Below — time in 
hours and minutes. 


These explanations agree entircly with I. P. Pavlov's view [5], that mutual induction occurs during changes 
in the condition of sleep or wakefulness. 


The differences between the changes of the oculo- vagal reflex in the two groups is probably due to a dis 
turbance of the processes of mutual induction, brought about by a weakening of the inhibitory power of the cor- 
tical cells, and disruption of the normal central regulation of autonomic function, as a result of the neurotic im- 
balance in the affected group. The different forms of insomnia which are present in nervous disorders can prob- 
ably be explained in the same way. It is therefore necessary in such patients to strengthen and deepen the ne- 
cessary concentration of the inhibitory process in the cerebral cortex, by sleep therapy. 


Our experiments showed that the strength of the unconditioned oculo- vagal reflex depends on the extent to 
which the inhibitory processes are distributed over the different levels of the brain during sleep, and on the induc- 
tive relationships between the cortex and the subcortical centers, At the same time the oculo- vagal reflex may 
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serve as an index of the depth of sleep, and the changes it undergoes may reveal the functional relationship of 
cortex to subcortex both in health and in various functional nervous disorders, 


SUMMARY 


The investigation was conductdon six rhesus monkeys —three normal and three neurotic, Sleep was induced 
by hypodermic injections of barbamyl. The oculo~ vaga reflex (Aschner reflex) was electrocardiographically 
registered when the monkeys were awake, falling to sleep, during sleep and when waking up, The magnitude of 
each reflex elicited by pressure on the right eye was rated on a percentage scale of the initial reflex rhythms. 


Typical alterations of the reflex change of the heart rhythm were found for the above- mentioned stages of 
sleep and wakefulness. 
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CHANGES IN RENAL EXCRETORY FUNCTION IN ANIMALS WITH 
SEPARATE EXTERIORIZED URETERS 


A. M. Eliseeva 


From the Chair of Internal Medicine (Head- the late Prof, A. M. Predtechensky) 
and the Chair of Pharmacology (Head- Assistant Prof. G. M. Shpuga) Ivanova 
Medical Institute 


(Received April 21,1956. Presented by Active Member of the USSR Academy 
of Medical Sciences V. N. Chernigovsky) 


A considerable degree of renal functional iability and asymmetry has been observed by several authors. © 


In K. M. Bykov's laboratory (2, 3) the unequal excretions of the two kidneys were observed in spontaneous 
diuresis, particularly after an increased water intake, 


M. I, Olshansky (6) found a difference in the performance of the two kidneys on injecting various pharmo- 
Cologically active substances. Functional asymmetry has also been reported by A. A, Pavlovskaya [8], A. L. 
Komendantov1 (4), V.L. Balakshina [1], and N. A. Myacoedova 5). 


However there is some evidence in the opposite direction. S.Strcyrer [14] and E. Allard [11] conclude from 
urological investigations, that both human kidneys function identically and excrete the same quantity of urine. 
The same view, based on animal experiments, is held by A, R. Cushay (12), and M, Ercole [13]. G. M. Shpuga, 
having followed changes in diuresis in three dogs, adinits the possibility of small differences between the per- 
formances of the two kidneys, but considers these to be due only to chance variations, 


In studying variations in renal excretory function in animals with separately exteriorized ureters, we usually 
found unequal amounts of urine excreted by the right and left kidneys. The aim of the present investigation was 
to find what conditions were relevant to this phenomenon, 


METHOD 


The experiments were carried out on two dogs with the ureters separately exteriorized by Orbeli's method 
(7). Altogether 50 experiments were performed, The conditions were maintained as nearly as possible un- 
changed throughout the course of the experiments. The feeding routine was always approximately the same, 
The experiments were performed in the morning and always when the stomach was empty(16-18 hours after 
feeding). In all experiments, measurements were made of spontancous diuresis, and diuresis after drinking 
40-60 ml per kg body weight of diluted milk. Any one animal always received the same amount of fluid. 


In the group of experiments on the action of mercuzal*the animals were given a load of water and milk. 


RESULTS 


In both dogs the twokidneys each maintained a constant rate of excretion, though there was a difference in 
the rates between the right and left sides. This functional asymmetry was fairly stable. Usually during a series 
of experiments, one kidney would predominate, However in some cases the kidneys as it were exchanged rates, 
not only on different days but within the period of a single experiment. 


* Russian trade name, 
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cae. In the case of spontancous diuresis, the difference between the volumes of the ure was comparatively 
4 small. In the dog Zwclki, the right to left voluine ratio, averaged over a three hour period, varied from 0.87 
to 0.95, and in Liskt from 1,08 to 1.15. 
a In the experiments with the water- milk load, or with this load given together with mercuzal, the difference 
i between the two amounts of excretion was increased, After the load had been given, the Increase in excretion 

: “ was different on the two sides, the ratio being 1.6, while after intramuscular injection of 1 ml of a J %o solution 


of mercuzal tegether with the Muid load, the ratio rose to 2.0, 


If we compare the amounts excreted by each kidney ever the relatively short time interval of 1530 minutes 
instead of 3 hours, the ratio rises to 2.68. 


The chemical composition of the urine excreted by the right and left kidneys was also different. This has 
been confirmed by the reports of R, O. Faitelberg and A, A. Shapiro (9) and N. A. Myacoedova [5]. 


According to our results, there was an appreciable but unimportant difference in the chloride concentration 
of the urine from the two sides, There were also differences in the creatinine concentrations, Thus, for example 
in pairs of urine samples from the two sides, the creatinine contents were 22 and 24 ng%: 17 and 10 mg; 28 
and 21 mg%, and so forth, Calculation using Reberg's formula suggests that there is a change in both glomeru- 
lar filtration and tubular reabsorption rates as well as a change in their ratio, The asymmetry did not however 
prevent the kidneys from being affected as a pair, Their excretion rates were increased or decreased together, 


In an attempt to explain the reason for the asymmetry in normal kidney function, we Investigated the 
effect on excretion of partial or complete suppression of the regulatory centers, by means of narcotics, on the 
assumption that difference in rates between the two sides was due to influences originating in the central ner 
vous system, 


For this purpose morphine and chloral hydrate were used, The morphine dose was 1-2 ml of 1% solution 
injected subcutaneously, and chloral hydrate was given in doses of 0,753.0 g together with the fluid, 


The subcutaneous injection of morphine caused a reduction in diuresis in all cases, For the first 15-30 
minutes after the injection the asyminetry remained unchanged, or even increased somewhat, This coincided 
with the period of morphine stimulation. Subsequently the difference between the rates on the two sides was 
considerably reduced, and the two quantities of urine excreted became almost identical, These results lead us 
to suppose that the functional asymmetry results from the functional condition of the central nervous system, 


The results obtained with chloral hydrate also deserve consideration, Shortly after the animal had been 
given the chloral hydrate, it fell asleep. During sleep, the diuresis of the watet- milk load was increased, 
though the increase was less than in the control experiments in which the same mixture of water and milk was 
given without the addition of chloral hydrate, After waking, the diuresis began to increase. In one of the ex- 
periments, in the thirty minute sleep interval preceding waking, a total of 11 ml was secreted from the two 
kidneys together; in the same time interval, after waking, 44 ml were secreted, i.e., an increase of 4 times, 


Another effect could sometimes be observed, depending on the dose, Thus for instance with small doses 
of chloral hydrate (0.75 g) the diuresis following the milk- water load was higher than in the control experi- 
ments, 


Finally, it must be pointed out that under the influence of chloral hydrate, in any dose, the rates of excre- 
tion of the two kidneys tend tobecome equalized, so that both under deep sleep induced by either 3 g of chlo- 
ral hydrate or by morphine, the difference between the excretion rates of the two kidneys is greatly reduced, 
However when using small doses of chloral hydrate the asymmetry in the performance of the left and right kid- 
neys was well marked. 


Thus in experiments on dogs with separately exteriorized ureters, it has been established that in normal 
conditions there is a difference in the amount and composition of the urine excreted, This functional asym- 
metry is but weakly shown in the case of spontancous diuresis, but appears more clearly in the diuresis following 
a water-milk load and mercuzal, In deep sleep induced by morphine of chloral hydrate, the excretory rates 
of the two kidneys became more nearly equal, The functional asymmetry in the action of the kidneys depends 
evidently on the functional condition of the central nervous system, 
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TABLE 


Effect of Morphine on Diuresis (urine collected at 15 minute Inter- 
vals) 


Ratio diu- 
resis tight 
diu- 
resis left 
idney, in 


So. 


Volume of urine 
in ml, 


Conditi 
onditions of experiment Right Left 


kidney | kidney 


Prior to water-milk load... 


After load (600 ml) ...... 
2 mi 1% morphine injected 
subcutaneously®....... 


Total for 3 hours. | 34.0 | 25.0 1.36 


* After the injection of morphine vomiting occurred, 


SUMMARY 


Experiments on dogs with ureters separately exteriorized have shown Unt under normal conditions the quantity 
and quality of urine excreted by each kidney differ, 


Functional asymmetry, only weakly marked in spontaneous diuresis is more pronounced in cases of water loading 
and mercural diuresis. Morphine and chloral hydrate narcosis make both kidneys function more evenly. Asym- 
metry of kidney function is seemingly dependent on the functional state of the central nervous system, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 
CHANGES OF RENAL FUNCTION PRODUCED BY HEMISECTION OF 


THE SPINAL CORD IN DOGS 


COMMUNICATION I. THE EFFECT UPON RENAL FUNCTION OF UNILATERAL HEMISECTION 
OF THE SPINAL CORD AT THE CERVICAL LEVEL 


V. F. Askeroyv 


From the Faculty of Normal Physiology (Chairman Corresponding Member Acad, 
Med. Sci. USSR Prof, E. A. Asratyan) of the Second Moscow I. V. Stalin State 
Medical Institute (Director- Professor O. V, Kerbikov) 


(Received September 27, 1956. Presented by Active Member Acad, Med, Sci. USSR 
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The homeostatic adjustments of an organism, which manifest themselves after an injury inflicted upon the 
central nervous system, have been investigated almost solely in the sphere of somatic functions (in the labora- 
tories of F. Holtz, L. Luciani, V. M, Bekhterev, I. P. Pavlov, A. Bete, P.K. Anokhin, E. A, Astatyan and others), 
The adjustments made in the realm of disturbed vegetative functions have not been really studied even though 
they are of considerable interest for clinical medicine, especially in the field of neurosurgery and neuropatho- 
logy. In this field neither the clinician nor the clinical experimenter have much material except what has been 
picked up accidentally while working on other problems, 


The first experiments, having as their deliberate goal the study of the homeostasis of the autonomic system. 
following surgical damage to the central nervous system, were performed by the associates of E, A. Asratyan: 
in part by Ya. M. Pressman [2) who examined in dogs the role played by the cerebral hemispheres in the adjust- 
ments made by the salivary glands, and also by R. O. Barsegyana [1] who examined the effect exerted upon dog 
gastric functions by the sectioning of the anterior half of the spinal cord, These are the only known experiments 
studying the homeostatic mechanisms existing within the vegetative system and which make the compensatory 
adjustments following injury of this or that portion of the central nervous system, 


Considering the interest which this problem presents for physiology, as well as for clinical medicine, at the 
suggestion of E, A. Asratyan, we undertook during the course of 1954-1955 an investigation which sought experi- 
mental answers to the questions of low kidney function is disturbed by hemisection of the spinal cord (severing 
a lateral half); is the function restored in time and what are the dynamics of this restoration, if it occurs 2 
We also had the thought that these studies might shed light on the question of the nervous regulation of kidney 
function which has so far been a topic of lively discussions, 


EXPERIMENTAL METHODS 


The studies were conducted on four dogs operated by the Pavlov-Orbeli method whereby the ureters are 
individually brought out to the surface of the animal's skin with their natural orifices intact, 


This method is especially convenient when there is a desire to compare the working of the two kidneys 
over a long period of time, 
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After determining the basic functional condition of both kidneys, a right hemisection of the tpinal cord 
was done on dogss two at the level of the fifth cervical segment, and two others— the first cervical segment, 


In our experiments we thus were able to utilize the comparison of the activities of the two kidneys: the 
kidneys situated on the operated side and the kidneys lying on the opposite side, at our preoperative expecta- 
tions were that there would be more malfunctioning on the part of the kidney situated on the same side on 
which the spinal cord heiilsection had been performed, 


The reason for this expectation lies in the fact that the spinal vegetative centers, homologous with the 
operated side, lose their closely-knit structural and functional connection with the higher centers as a result 
of the spinal cord hemlsection, 


As before, so after the operation the functional state of the kidneys of each operated dog was determined es 
by observing the diuresis, percentage quantity of chlorides, urea and creatinine in 30 miaute samples of urine ae. 
collected from each ureter over experiments lasting +6), hours, under usual kidney states, as well as when 
functionally burdened with water (400 cc), table salt and urea (10 grams in 150 cc of diluted milk). In addi- 
tion, the urine was checked qualitatively for albumin, 


Chlorides were determined by Moore’s method, urea— by decomposition of the alkalinized bromate in the 
Borodin apparatus, creatinine — by the colorimetric method, employing the concentrating photocolorimeter, 
while the qualitative test for albumin was performed with the ald of sulfasalicylic acid, 


Our experimental animals were under observation from 7'/ up to 16 months, The four dogs had a total of 
193 experiments performed upon them in the course of which over 5000 biochemical urine analyses were done, 


EXPERIMENTAL RESULTS 


On two dogs—Kashtan and Belki the functional state of the two kidneys was studied before and after 
tight- sided spinal cord hemisection at the level of the fifth cervical segment, 


Our studies demonstrated that, before surgery, individual differences between the activities of the left and 
right kidneys were quite insignificant. As an illustration, we append the protocols of two experiments performed 
on Kashtan and Belki (see Table). 


After the right-sided operation, considerable alterations in the activity of the kidney of the same side could _— 
be noted. These changes followed definite cyclic intervals. | 


In the first period (on the 3rd postoperative day) there weze no changes in either kidney when compared 
with their preoperative base level. 


It must be admitted that in one dog( Belki ) the concentration and amount of chlorides produced by the 
kidney of the operated side was somewhat depressed. 


In the second period (from the 7th to 22nd-28th postoperative days) the kidney of the operated side de- 
veloped an increasing diuresis. The kidney on the operated side during the time of the experiment (4-5 hours) 
produced from 10-40% more urine than the opposite kidney and as compared with its preoperative function, 
Some individual 30 minute samples from the right kidney produce twice the amount put out by the left. 


Along with this diuresis, the urine from the kidney of the operated side showed a diminution in its content r —_ 
of urea and ceatinine, Along with this the concentration of the chlorides rose sharply in Kashtan (sometimes ie ss 
24 fold) while remaining depressed in dog Belki. 


In the third period (in Kashtan, from 22nd to 47th, in Belkt from 28th to 70th days) urinary output from 
the right side diminished to only a half of that from the left, in some samples to one-third. 


Associated with this there was noted a marked rise in the concentration of the urea, creatinine and 
chlorides in urine samples from this kidney (24 fold) as compared with the concentrations of the same sui- 
stances from the left kidney. 


In the fourth period, in Kashtan beginning with 47th day, in Belkt from 70th day, the relationshiops of 
these indicators reverted to their normal state, 
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Kashtan, in addition, had a fifth period (from 52nd to 73rd day) characterized by a secondary diuresis ace 
companied by correspondingly dimtntshed concentrations of urea, creatinine and chlorides inthe kidney on the 
operated side, Only after that was thelr return to base level in the kidney functions studied, 


The basic data Is presented tn the table, 


We also examined this problem from the standpoint of spinal cord hemisection well above the spinal sym- 
pathetic centers, f.e., at the level of the first cervical segment, This experiment was conducted also on two 


dogs — Zolushke and Rzhel, 


Essentially, the changes observed were sim{lar to those seen in the fifth cervical sement hemiscctions ex- 
cept that they were less pronounced and characterized by certain pecullarities, In part, the kidney on the 
operated side failed to develop a diuretic phase accompanied by increased concentrations of urea, creatinine 
and chlorides which was a characteristic of the dogs who underwent surgery at the fifth cervical segment level. - 


Judging by our accumulated data, in all the operated dogs kidney functions were fully back to normal with- 
in 2/-3 months after the hemisections of either the higher or lower cervical spinal cord segments, Somatic 
functions —standing, walking and running — returned in these same animals within 35- 40 days, l.c.,2 times more 
quickly than the kidney functions, 


In regard to the albumin which was determined qualitatively, the following was noted, After right-sided 
hemisection at the fifth cervical segment, both kidneys developed traces of albumin, the right in a slightly 
greater amount, Within 7 daysthe albumin was gone from the left-sided specimens although still present 
at 7-10 days in samples obtained from the right side, In dogs subjected to hemisection at the level of the first 
cervical segment, albumin appeared only in specimens from the operated side and then was gone within the 


week. 


SUMMARY 


Four dogs with individual fistulae of each ureter operated by the Pavlov-Orbeli method were studied, 
Before and after hemisection of the spinal cord at the level of the cervical segments,diurests, urea, chlorides 
and creatinine concentration have been estimated in the urine of each kidney separately on the normal and 
operated side, Hemisection of the spinal cord at the level of the first or fifth cervical segment caused phasic 
changes In the function of the kidney on the operated side, the more so when hemisection was performed at the 
level of the fifth segment, All tests performed indicated that disturbed renal function {s fully restored in the 
course of 2,5-3 months, while somatic functions of the same dogs were fully restored in 35-40 days, 
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7 q ACTION POTENTIALS OF RESPIRATORY MUSCULATURE IN PATIENTS : 
q HAVING RESPIRATORY DEFICIENCY 
. 1. A. Morozova and L. L. Shik 
a From the Physlological Laboratory (Chief- Prof. L. L. Shik) Central Institute for 
7 the Study of Labor Capacity and Utilization of the Labor of Invalids (Director- 
a Prof, O. I. Sokolnokov), Moscow 
: (Received June 30, 1956. Presented by Active Member Acad, Med, Sci. USSR V. N. 
Chernigovsky) 
4 Many important investigations, devoted to an experimental analysis of various phases of the activity of the 
¥ resplratory system in animals, have fulfilled their goal with the aid of the electrophyslological techniques, 
7 At the same time, this electrophysiologic method has been used but rarely in the study of respiration in 
man, Only quite recently have there appeared investigations devoted chiefly to the way in which the anterior 
abdominal muscles along with certain others participate in the respiratory act (3, 4, 5, 6]. It has been disco- 
vered that action potentials develop in abdominal muscles only in association with deep breathing and is con- 
nected with arise inintra-abdorninal pressure, E, L. Golubova [1] was able to record the action potentials of : 
~ 


the rib muscles in human individuals undergoing lung resection and thus observe whether regulation of breathing 
led to any peculiarities, These characteristics have been studied in great detail by her when she removed ex- 
perimentally lungs in animals, 


In proceeding with the present research we used as a basis preceding studies (2) which indicate that in 
a healthy man artificial interference with respiration sharply raises the bioelectric activity of the respiratory 
musculature, 


In rabbits when resistance to respiration is increased the action potentials of the respiratory muscles increase 
gradually mainly by humoral stimulation, In man, however, there is immediate reflex response to the increased 
resistance and there does not appear to be any evidence of a humoral mechanism, This gave us ground for sup- 
posing that an analogous increase in action potentials would be detected in certain diseases of the respiratory 
system as, for example, pulmonary emphysema and bronchial asthma in which condition there is a present a 
resistance to the flow of air, 


EXPERIMENTAL METHODS 


We studied 10 persons who were well and 65 patients having respiratory inadequacies (principally patients 
with bronchial asthma and pulmonary emphysema). In order to record the action potentials of the respiratory 
musculature, electrodes were applied to the overlying skin, One pair of electrodes was fastened in the anterior 
axillary line between the seventh and eighth ribs, the other pair— on the skin over the abdominal wall overlying 
the external oblique muscle, The action potentials were recorded on photographic paper by means of a magni- 
fying oscillograph built by the Leningrad Technological Institute. The time signal and the pneumogram were 
recorded simultaneously on the photopaper. 


EXPERIMENTAL RESULTS 


When breathing quietly (sitting) action potentials in normal people with the amplification we used (100 yV 
corresponded to a deflection by the beam of 5 mm) were almost unnoticeable or represented very weak salvos 
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of impulses during the Inspiratory phase on the part of the intercostal musculature and was totally absent from the 
external abdominal muscutacure (Fig, 1), 


In patients suffering from moderately severe bronchial asthme and in patients having prorounced pulmonary 
emphyscina, the action potentials have a different character, In patients suffectiag from bronchial asthma there 
is observed an almost constant, markedly expressed activity by the intercostal muscles, teaching a maximum 


Fig. 1. Action Potentials in the respiratory musculature during quiet breathing 
of a healthy individual, 

1) Electromyogram of intercostal muscles; 2) electromyogram of the external 
cblique of the abdomen; 3) pueumogram; 4) time markers(1 second). In 
this and the other figures there can be noticed the overlay of the electrocar- 
diogram on the electromyogram. 


during prolonged expiration; during this expiration there being noticed also activity on che part of the abdo- 
minal muscles (Fig. 2. Thus, the electromyograms document the action during expiration which fa a healthy 
individual is a passive act thus permitting the observation of increased respiratory activity even when it appeared 
from the outside to be of almost normal rate and depth, 


Patients suffering from pulmonary emphysema also show a marked increase in the action by the respiratory 
musculature, The lead from the intercostal musculature shows continuous activity throughout the entire respira- 
tory cycle (Fig. 3), being most evident during inspiration; the action potentials, even if of much lesser ampl!- 
tude, can be noticed also on the electromyograms of the abdominal musculature, 


Thus, it is evident that electrophyslologic observations on patients suffering from iespiratory inadequacies 
demonstrate that even when quiet there is compensatory increase in the activity of the respiratory muscuiature, 
this being an attempt to ensure the necessary ventilation of the lungs, 


The electrophysiologic method for the study of the functioning of the respiratory system permits direct 
observation of the respiratory musculature and of the nature of the stimulation acting on the respiratory center, 
When doing reseatch on the breathing of 3 normal individual, the degree to which the respiratory center is being 
stimulated is taken to be a function of pulmonary ventilation, Actually, however, this is really an end effect 
stimulating the respiratory center, 


Of course, the nature of the impulses going from the respiratory center over the motor neurons to the re» 
piratory musculature determines the character of the resp!ratory movements and therefore the depth and the 
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3 Fig. 2. Action potentials in the respiratory musculature during quiet breathing of 
4 a patient suffering from moderately severe asthma, 
7 1) Electromyogram of intercestalmuscles; 2) electromyograin of the external oblique 
a of the abdomen; 3) pncumogram; 4) time markers(1 second), In this and the 


other figures there can be noticed the overlay of the electrocardiogram on the 
electromyogram, 


> 


A 


Fig. 3. Action potentials in the respiratory musculature during quiet breathing of 
a patient with pulmonary emphysema. 

D) Electromyogram of intercostal muscles; 2) electromyogram of the external 
oblique of the abdomen; 3) pneumogram; 4) time markers(1 second), In this 
and the other figures there can be noticed the overlay of the electrocardiogram 


on the electromyogram. 


respiratory rate which determine the magnitude of the lung ventilation, Still, this can be true only if there is 
a direct relation between the stimulus arising in the respiratory musculature and the resulting activity- pulmonary 
ventilation, But in many instances, when the pulmonary ventilation is upset by external causes or pathological 

processes, this normal relationship cannot be maintatned., 
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In such Instances direct electrophysiological studies and not simply observation of the pulmonary venttlation 
give us the possibility of judging truly the nature of the impulses going from the respiratory center to the resplra- 
tory muscles, f.e., the true conditfon of the respiratory center, For this reason the study of action potentials in 
patients having respiratory malfunction offers important evidence of the true condition of respiratory regula- 


tion. 


Many of the patients we observed had normal pulmonary ventilation breathing rate and depth, Yet the 
Clinical picture of dyspnea pointed to respitatory inadequacy. 


In such cases, as demonstrated by the marked increase in action potentials, the pulmonary ventilation was 
made to approach normal by a marked increase in the activity of the respiratory musculature, this being at- 
tained by a constant over-stimulation of the respiratory center, This seems to be the principal compensatory 
reaction without which there would be no guarantee of an 2dcquate pulmonary ventilation under conditions of 
interference with the apparatus for external respiration, 


It may be supposed that the continued over-activity of the respiratory system produces frequently altera- 
tions in the state of the respiratory center and its cerebral radiations which express themselves as oppressive 
sensations (dyspnea, in the beginning), decreased work capacity and other symptoms, The action potentlals in 


= x many patients at rest are as great as in normal people performing heavy physical labor, 
4 It can thus be seen that this method of evaluating the action potentials present In the respiratory muscula- 
ture, along with other methods, gives objective aid in clarifying many iniportant problems of respiratory physto- é 
a logy as well as pathology in man, alds in uncovering the qualitative characteristics and the mechanisms pro- 
q ducing those clinical states presenting a picture of respiratory inadequacy. 
P 84P y quacy 
SUMMARY 


Normal action potentials in respiratory muscles were studied, Thenthese were compared with action po- 
tentials observed in patients, chiefly those ill with bronchial asthma and pulmonary emphysema, It was noted 
that the muscles of the patients registered a marked rise in activity even when the usual external indicators 
such as rate, depth and pulmonary ventilation appeared to be near normal, This was taken to indicate that the 
respiratory center was bebp subjected to compensatory stimulation, 
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ALTERATIONS OF HEMODYNAMIC INDICATORS AND OF THE 
ELECTROCARDIOGRAM PRODUCED BY EXPERIMENTAL 
DISTURBANCE OF THE CORONARY CIRCULATION 


V. Gatsura 


From the Pharmacology Department (Chairman- Assistant Prof, V. 1. Zavrazhnov) 
of the Voronezh Medical Institute 


( Received September 29, 1955, Presented by Active Member Acad. Med. Sci, USSR 
E. M. Tareev) 


The pathology of the coronary circulation has still not been exhaustively studied in extensive experiment, 
Some investigators in this ficld (4, 6, 7, 8] have studied the details of the collateral circulation within the myo- 
cardium but have not explored adequately the functional alterations produced in the coronary circulation by 
disturbances affecting the blood supply of the myocardium, The foreign literature also is silent on hemodynamic 
alterations produced in the coronary circulation by means of experimentally introduced pathology. Yet in order 
to develop experimentally the therapy for myocardial infarction and coronary insufficiency it is essential to 
have precise knowledge of those hemodynamic alterations which occur in model coronary insufficiency. Besides 
the theoretical significance, facts of this type have a definite interest in refining some of our concepts as to the 
symptomatology of myocardial infarction, This communication is devoted to an examination of the experimen 
tal matcrial obtained in dogs who were made, artificially, to develop an insufficiency of the myocardial circu- 
lation, 


EXPERIMENTAL METHODS 


The experiments were conducted on adult dogs of both sexes and of varying weights. Coronary insufficiency 
was produced by applying a ligature to the descending branch of the left coronary artery at the juncture of its 
middle and lower thirds or else to the left coronary artery in the region of its bifurcation. Aseptic procedures 
were employed. The heart was approached by an incision below the fourth rib. Special spreaders were used to 
enlarge the opening. After the pleural cavity had been opened, artificial respiration was employed. The ex- 
perimental dogs were followed for 40 days after surgery. At that iime they were sacrificed and their hearts sub- 
jected to a searching pathological anatomical study. The electrocardiogram registered alterations in the ac- 
tions of the coronary system also, alterations in blood pressure, pulse and velocity of blood flow were recorded, 
The EKG was recorded in the three standard and two chest leads (Vg, Vy); the chest electrode in Vg tracing was 
applied in the fifth interspace in the anterior axillary line, in the Vy lead— in the fourth space just to the right 
of the sternum. The maximum blood pressure was recorded from the left carotid artery which had been pre- 
viously brought out in a skin pouch. Velocity of blood flow was determined by the lobeline method. 


EXPERIMENTAL RESULTS 


a) EKG changes and hemodynamic alterations produced by ligation of the descending branch of the left 
coronary artery at the juncture of its middie and lower thirds. 


The EKG picture produced by this ligation is uniform and is, basically, a change in T and the S-T interval, 
Table 1 summarizes the characteristic EKG changes. 
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The maximal blood pressure changes occurred in the acute state of myocardial ischemia (the first five days 
after operation) and went through two phases: on the day of ligation the blood pressure in two instances was 
markedly elevated, being unchanged in two others, Then, by the second day the blood pressure fell below base 
level remaining elevated in only one experiment, dog Blackie), Thus, for example, dog Cherny whose normal 
pressure was steady at 134-137 mm mercury pressure, the pressure immediately after the operation rose to 160 
mm, then dropped sharply on the second day and remained within the limits of 124-136 mm, 


TABLE 1 


The Nature of the EKG Changes After Ligation of the Descending Branch of the Left 
Coronary at the Juncture of its Middle and Lower Thirds. 


Remarks 


Changes 
days after ligation 


Day of ligation _ 


P(2,3) enlarged T + (2, 3, Vg. V4) Normaliza- norinally ts 


T +(2,3)Q-T S-T + Vs. Vy) tion absent in (1), 
enlarged T —(1) in others % 
extrasystole leads 


T diminishes (2, 3), 
Q-(2, Vs) lowered 
voltage 


— 


Cherny} T diminishes (2, 3, 
Vs. V,) + 

+ (2, 3, Vs. Vy). 
extrasystole, al- 
ternating pulse 


S—T + (V5, V;). 
T +(Vs. V3). T 
absent in other 
leads 


T depressed (2, 
Vs), S~T + (2, 
Vs). P enlarged 
(2, 3, Vs), low- 

ered voltage 


S~T + (2, 3,/T normal - (1, 
2, 3, Vg) and 
+ (V,) 


malized 
voltage 
increased 


S-T +(2, 3),T + 


Zhelty |T (1, 2, 3), Q-T T-, dimi- |T is normal 


prolonged, extra- (2, 3), depressed nished 

systoles, alterna- voltage (2, 3), 

ting pulse 
Q- (2, 3) 


S~T +(2, V, V), 
T enlarged (2, 3), 
diminished (Vg, 
lowered 
voltaze (Vs) 


S-T + (2, 
Vs. Vi). T 
de pressed 
(V5) 


Pesets |Polymorphic extra- 
systoles, tachy- 
cardia 


Remarks, Here and in Table 2 the plus sign indicates relation of T wave and S-T 
interval to the isoelectric line, The numbers in brackets indicate the leads of EKG. 


The alterations in the frequency of the heart beats had a converse character: on the day of operation the 
rate fell markedly (Zhelty ~from 118 per minute to 58) and only in one case (Lex) there was observed a slight 
rise (from 88 to 104), while even here by the 4th day after ligation there was a pronounced slowing of the rhy- 
thm (to 54), In the other experiments, after the immediate postsurgical slowing, the pulse gradually returned 

to the preligation levels, By the end of the period of observation (40 days) there were no material deviations 
from the normal. 


Dog 
After 40 days 
4 Lex 
Q~(2), 
S-T + (2), 
T ditninishe} 
(2, 3, Vs), 
q lowered 
voltage 
Lisa 
4 
° 
j 


Fig. 1. Changes of EXG after ligation of the des 
cending branch of Ieft coronary artery at the Junc- 
ture of middle and lower thirds(dog Cherny, third 
day after applying ligature), a) Lead Il, b) lead 
Il, c) lead 


TABLE 2 


Characteristic EKG Changes Occurring After Ligation of the Descending Branch of the 
Left Coronary Artery in the Region of its Origin at the Bifurcation 


Changes 


5 days after gation 


= qa, V5). QRS 
shortened, 
§-T + (i, Vs). 
polymorphic 
extra systoles, 
pulsus alternans 


+ (1, 2, 3), 
diminished 
voltage (Vz, 
vy) 


enlarged (2, V;) 
+ (V;). 
Polymorphic 
extrasystoles, 
pulsus alternans 


After 40 days 

T-(1),Q 
vanished (3), 
pro- 
longed 


T + Q (3) vanished, 
lowered voltage, 
paroxysmal tachy- 
cardia, extrasystoles 


T diminished, 
S~T + (V5, 
P-Q 
prolonged 


T increased (Vg, V;), 
(Vz, V;) 


T-(2), P 
vanished (3) 
Q-T di- 
minished, 
lowered 
voltage, 
atrioven- 
tricular block 


T diminished, P-Q 
enlarged voltage 
lowered 


Remarks 


T normal + 


T normal — 
(2, 3) and + 
+ V5. V) 


T normal + 
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4 Thus, it can be seen that changes, following Igation of the descending branch of the left coronary artery In 
, its lower third, inso far as the blood pressure fs concerned seem to be of very short duration, This indicates 

4 tapld compensation of the myocardial disturbance caused by the myocardial ischemla, The tise of the blood 

i preseure on the day of surgery must be related to the reconstruction of the hemodynamics necessitated by the 

4 pacumothorax which, as has been shown experimentally (1, 3], ts accompanted by sharp riscs in blood pressure, 

4 and also rclated to a compensatory blood pressure rise observed to occur as a result of myocardial ischemia (2). 


In cascs when this reaction did not occur postoperatively (Lisa, Zhelty), there took place a severe fall in blood 

pressures later which, inall probability, was associated with weak compensatory mechanisms in these animals, 

: The bradycardia observed in the acute ischemic phase must be regarded as a consequence of the increased tone 
on the part of the recurrent nerves because of the rise in the strength of the impulses emanating from the recep- 
tors in the vicinity of the infarcted myocardium and the adjacent pleura, 


“4 -abili 

4 The clearest and most constant indicators of the instability and insufficiency of the coronary circulation 

4 resulting from the ligation are seen on the EKG. The changes and evolution of the T wave and S—T segment 

3 are characteristic of infarcts of the anterior wall of the Icft ventricle, Asa rulc, this ischemia activates the 
aa secondary automatic centers and this manifests itself as concordant extrasystoles (Fig. 1). 

1 However, the circulatory changes produced by ligation of the descending branch of the left coronary at the 


juncture of the middle and lower thirds of the artery are rapidly compensated by the collateral circulation which, 
along with the data on the functional state of the cardiovascular system, confirms also the autopsy data which 
fails to reveal any widespread necrotic alterations in the myocardium. 


4 W EKG changes and hemodynamic sherations produced by ligating the descending branch of the tok 
Bc coronary artery near its origin at the bifurcation, 


Ligation of the descending branch of the left coronary artery near its origin at the bifurcation produces the 
EKG pattern charactcristic for an anterior wall infarct: inversion of T, S—-T segment clevation, sensitivity al- 
terations typical for this localization of the infarct and leading to characteristic FKG cvolution(Table 2. With 
the higher ligation of the descending branch, the hypotensive swing from the maximal blood pressure was more 
pronounced so that, even on the day of ligation, there was noted a marked fall in blood pressure. Thus in 
dog Chuk the maximal blood pressure fluctuated normally between 108-126 mm mercury, while, after ligation, 
it fell to 84 mm and for five postopcrative days did not exceed 88 mm. In all the experiments of this series 
there developed a tachycardia relative to the normal base. Dog Gek before surgery had a pulse of 66-95 per 
minute, while after the ligation the rate varied from 96 to 114 per minute, the similar data for Chuk being a 
a rise from a pulse of 108 up to 180. Over the entire period of observation following the ligation there was also 
noted a rise in the circulation rate (Table 3). 


A TABLE 3 
2 Changes in Blood Velocity After Ligation of the Des 

<a cending Branch of the Left Coronary Artery 

3 Blood velocity (in seconds) 


Dog 


a Normal After applying 


ligature 


8.5- 9.1 
9.0-11.2 


Chuk 11.5-12.6 
Gek 11.0-12.0 


These marked alterations in cardiac contractions and blood velocities bespeak a mobilization of the com- 
pensating mechanisins existing in the cardiovascular system. 


even when the descending branch of the left coronary artery was ligated near the bifurcation, 


; The gross and microscopic evidence of the results of the autopsies performed on the sacrificed animals con- 
x firms the presence of extensive anterior apical infarcts (Fig. 2. 
“3 However, it must be noted that pronounced insufficicncies of the cardiovascular system did not develop 
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In order to clarify the tole played by the recurrent branch of the vagus in the developing complex of 
changes, we conducted a series of experiments in which atropine was empivyed. Injecting atropine into dogs 
regularly having extrasystoles led, as a rule, either to abolition of these eatrasystoles altogether of else to a 


Fig. 2. Manifestations of scarring near the tip 
of heart in the ischemic zone. Inner surface 
of left ventricle (dog Chuk). 


marked diminution in their number (Fig. 3). However, in these instances of rhythm normalization there were. 
sometimes observed marked EKG abnormalities, Our findings indicate that activization of foci of hetero- 
topic excitation is associated with influences transinitted by the cecurrent nerves. This coincides with the results 
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Fig. 3. The influence of atropine upon the thythmic acitivy of the heart. D EKG 
before atropine, a—lead I, b~lead Ill, 1) EKG 15 minutes after internal 
administration of atropine (labeled as in Fig. 1). 
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obtained by A. 1. Smirnov and A, 1. Shunllova (5) who demonstrated that either section of the recurrent nerves 
or the use of atropine eliminated extrasystoles present when experimental myocardial infarcts were produced, 

The absence of undesirable hemodynamic changes in the course of excluding pharmacologically the recurrent 

nerve gives us the possibility of recommending atropine as a drug to be employed when extrasystoles develop 

Clinically as a result of myocardial infarction, 


SUMMARY 


Dogs were used to create infarcts of the anterior myocardial wall, The descending branch of the left coro- 
Maty artery was ligated elther near {ts origin or clse at juncture of middic and distal thirds, The animals were 
observed for 40 days postoperatively and then sacrificed for complete cardiac studics, The EKG, the B.P, and heart 


rate were taken throughout this experimental series. 
Atropine was used to abolish extrasystoles, The hemodynamic alterations were transient while the EKG ran 
the course usual for this type of infarct, 


It is suggested that the recurrent nerve mediates heterotopic foci of cardiac excitation. 
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INTEROCEPTIVE REFLEXES OF DOGS DURING HYPOGLYCEMIA 
. AND SUBSEQUENT RESTORATION OF THE BLOOD SUGAR LEVEL a 
y. 
T. V. Popova 
4 From the Laboratory of Pathological Physiology (Chief- Prof. V. S. Galkin) of the 
q I. P. Pavlov Institute of Physiology (Director- Academician K. M. Bykov) Acad, we. 
Sci, USSR, Leningrad 
4 (Received October 18, 1956. Presented by Academician K. M. Bykov) Pa. 
4 
4 In short experiments on cats we have shown [7] that, as hypoglycemia progressively develops, it is con 
| stantly accompanied by phasic altcrations in the pressor interoceptive reflexes, 
4 The present research was undertaken to confirm the changes taking place in the absence of narcosis as 7 
well as to exclude the initial hyperglycemic stage inevitable in a short experiment. “ 
EXPERIMENTAL METHODS a 
Six dogs were used in our experiments (3 females and 3 males). All the animals had gastric fistulae and in . a 
-. three onc carotid artery was exteriorized, Blood pressure changes were followed as the mechanical receptors i 
: of the stomach were stimulated as well as those in rectum by use of methods we described previously [9}, all * 
E this being followed by observing the sino- carotid pressor reflex. This last was induced by compressing with a 4 
4 finger for 30 seconds the carotid artery lying in the skin tag. a 
Insulin was given intravenously in increasing dosage in the experiments as they were repeated, ne 
= 
’ To terminate the hypoglycemic state intravenous glucose was employed as well as subcutaneous or intra- ‘ 
venous adrenalin. 
Blood sugar was determined by the Hagedorn Jansen method, 
ia Altogether there were 48 experiments: 34 to investigate the interoceptive reflexes under condition of j 
hypoglycernia, 9 control and 5 for method, 
Five hundred and sixty blood sugar determinations were made. 7 : 
The general experimental conditions, insulin dosage and the degree of hypoglycemia attained are presen- - 
ted in the table, ee) 
EXPERIMENTAL RESULTS 7 
As in our preceding chort experiments on cats, in the first phase of hypoglycemia we observed heightening ‘ : 
of the pressor interoceptive reflexes with a lowering of reactive threshold (Fig. 1, tracings 4-6). Later the re- gh 
flexes became depressed or disappeared entirely (Fig. 1, tracings 7-9), while in an entire series of experiments, Mn ag 
instead of pressor reflexes, a depressor reaction appeared, et fag 
Asthe animal emerged from the hypoglycemic state, the interoceptive reflexes were  re- 
stored going, in many instances, through a phase of heightened pressor responses (Fig. 1, tracings 10, 11) which 3 
confirms the fact of the two phasic changes undergone by the interoceptive reflexes when the blood sugar level 2 
is reduced, 
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In this manner the present studies confirm the results we obtained in our short experiments Investigating 
the character of the changes undergone by the Interoceptive reflexes under hypoglycemic conditions, 


Nevertheicss, the comparison of the short’ experiments with the series brings out one clear differences 
whereas in the acute experiments heightened pressor reflexes predominated, tn the present series studics the 
phase of reflex depression of actual suppression was much the more pronounced. 


An explanation of this difference can be sought in special experiments in which the dogs received a pre 
liminary injection of glucose, this being done because in the acute cat experiments (under condition of narcosis) 
the insulin was being injected against a background of hyperglycemia (up to 36 mg%). 
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Fig. 1. Two phasic changes in the interoceptive reflexes and thresholds of stimulation 
as hypoglycemia developed from intravenous injection of insulin (2 units/kg) and then 
was followed by introduction of glucose. Dog Grad, experitmeit April 11, 1956. Re- 
flexes from rectum —1, 3, 4, 6, 7, 9, 10, 11; reflexes from stomach— 2, 5, 8. 
Significance cf tracings (from above down): Pressure within organ, blood pressure, 
respiration, stimulation marker, time signal (5 seconds), Insulin J, glucose t ‘ 


As can be seen from Fig. 2, when the dogs received preliminary doses of glucose sufficient to maintain for 
53 minutes the blood sugar at levels of 200-339 mg %, there was observed a pronounced phase of heightened 
pressor reflexes which continued for three hours, this being something never observed when insulin was injected 
against a background of normal blood sugar levels. 


In this experiment we never were able to obtain the phase of depressed pressor reflexes even when the low- 
est glycemic level was 41 mg% which is somewhat below that in the usual experiments (48 mg@). 


The introduction of glucose after the insulin, *removed" in this experiment the heightened pressor reflexes 
and also normalized the general behavior of the animal. 


Thus we believe that we can conclude that the differences in the first and second stages between the short 
and teries experiments seen after the injection of insulin are explained by a difference in the basic glycemic 
level which, in turn, determines the length of time the blood sugar remains depressed initially, 


A second reason for this difference lies in the different duration of the period of low glycemic levels, 
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‘ Under natcosls there were no hypglycemic convulsions and the second hypoglycemic phase tn the cats pto- 
4 gressed rapidly to the death of the animal, In the dogs, the convulsions which dey cloped led to an immediate 
, tise of the blood sugar level, maimaining it at a low but safe level, 
—_ 
00m! 1200 ml! 200 m! 
| f | 
— Fig. 2, Alterations in the interoceptive reflexes following injection of insulin (10 units/kg) 
a against a background of hyperglycemia. Dzhanka, Experiment November 25, 1955. Before 


insulin, glucose was introduced thrice intravenously in the amount of 56 cc of a 40% solu- 
tion. Reflexes from rectum ~1, 3, 4, 5, 7, 9, 10, 11, 12; reflexes from stomach— 2, 6, 8, 
13. Significance of tracings same as in Fig. 1. 


Thus, in dogs there was a more rapid drop in blood sugar levels after insulin was injected, these precomatose 
levels being maintained for a longer time, this determining the rapid transition to the phase of depressed intero- 
ceptive reflexes as well as the predominance of this phase of the experiments conducted without anesthesia, 


a In the preconvulsive, as well as in the postconvulsive, periods the pressor interoceptive reflexes were sup- 
pressed. 


At low glycemic levels we observed the inversion of pressor reflexes into depressive reactions, this being 
= true of the mechanical receptors of the stomach and rectum as well as the sino-carotid reflex. This last was 
he. seen against a background of # weakened or absent pressor sino- carotid reflex after restoration of blood flow in 
the carotid artery (Fig. 3, tracings 8 and 9). 


wn 
© 


a 7 
Bee 
an 


There are grounds for the supposition that this peculiarity of the tino carotid reflex, observed In a pertod 
of diminished of absent pressor Interoceptive reflexes, is a consequence of decreased irritability of the vaso 
motor center accompanied by an increase of Inhibitory Influences upon ft, 


The described alterations in the interoceptive reflexes were not observed in control experiments, 


As an additional control, we introduced glucose In every exper{ment in which the blood glucose level had 
been lowered, This fully confirmed the findings in our short experiments (8) at to the hormalizing effect of 
glucose both In the first hypoglycemic phase as well as in the second (Figs. 1-3). 


“1200 ml 


Fig. 3, Interoceptive reflexes under conditions of hypoglycemia provoked by insulin 
(2 units/kg). Druzhok experiment April 22, 1955. Reflexes from rectum— 2, 4, 5, 7, 
11, 12, 13, Significance of tracings same as in Fig. 1. carotid artery clamped —]} . 


This nonmmalizing influence of glucose permits a physiological explanation of its therapeutic actions in 
various phases of hypoglycemta, Basically, the glucose restores the normal relationships between the central 
nervous system and the internal organs which had been upset by the hypoglycemia, 


In our opinion, our experimental data permits some discussion on the theoretical basis and practical appli- 
cation of insulin therapy in psychotic patients, 
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At present we know many psychic disturbances associated with pathological altcrations in reception of tm- 
pulses from the internal organs (1, 2, 4, 5, 13), Judging from the clinical Hrerature, the therapeutic Insulin 
effect 1s obtained under conditions of suppression of the Interoceptive reflexes, To this state of affairs testify 
such remarks as the need of lowering the glycemia quickly (intravenous insulin in advocated) with the goal of 
bypassing the period of preshock excitation and having the patient go into shock directly (12, 3). Also, large 
doses of insulin are recommended with prolongation of the period of hypoglycemic shock (11), especially in 
cases of chronic schizophrenia (14), as well as simultancous use of insulin and prolonged periods of interrupted 
sleep, the theory being to deepen the guarding reflex repression (6). 


To all this must be added the fact that in hyperpyrexic therapy there is also suppression of the intcrocep- 
tive reflexes as we have clearly demonstrated in our experiments on dogs having artificial fever (10). 


Summarizing, it may be possible that the therapeutic basis for both fever and insulin therapy Is the same. 
Basically, the temporary suppression of the interoceptive reflexes (especially if the interoceptive impulses are 
pathologic) permits a normalization of the functional interrelationships between the central nervous system and 
the internal organs and also a normalization of the functional state of the brain itself, 


SUMMARY 


Nonnarcotized dogs were employed in a study of hypoglycemic states, There was observed tn these series 
experiments, first, an increased reflex response from both interoceptive stimuli from the rectum and stomach 
and also the baroceptive reflex from the carotid sinus, This was succeeded by a second phase of diminution 
and even total repression of the reflexes, 


The dominating influence of the sugar blood level is pointed out. The reasons for some of the apparent 
differences in the results of the series and short experiments are discussed, 


Finally, this temporary suppression of interoceptive reflexes is suggested as being the basis for the thera- 
peutic effects of both insulin shock and fever therapy of schizophrenic patients, 
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THE MECHANISM OF DYSENTERIC INTOXICATION 
COMMUNICATION I INTEROCEPTIVE INTESTINAL REFLEXES IN THE PRESENCE 
OF EXPERIMENTAL DY SENTERIC INTOXICATION 


I. P. Myagkhaya 


From the Laboratory Division on Physiology of Receptors (Chief- Active Member 
Acad, Med. Sci. USSR, Prof. V. N. Chernigovsky) of the Laboratory of Patho- 
logic Physiology (Chief- Prof. V. S. Galkin) in the I. P. Pavlov Institute of Phy- 
siology of the Acad. Med, Sci, USSR (Director- Academician K, M. Bykov) and 
from the Department of Preliminary Instruction in Internal Medicine of the 1st 
I. P. Pavlov Leningrad Medical Institute (Chairman- Active Member Acad, Med, 
Sci. USSR Prof. M. D, Tushinsky) 


(Received july 6, 1956. Presented by Active Member Acad, Med, Sci, USSR 
M. D. Tushiusky) 


In the present study the chemoreceptors of the bowel were investigated as to the reflex effects produced on 
blood pressure and respiration under conditions of severe experimental poisoning with dysentery toxin, 


The data in the literature (1, 2, 4, 7] concerning the effect various antigens produce upon the interoceptors 
seems inadequate to decide the question as to their participation in the pathogenesis of dysenteric intoxication, 


EXPERIMENTAL METHODS 


Fifty-two experiments were performed: 43 on cats being in a state of dysenteric intoxication and 9 on 
healthy animals, 


The intoxication was produced by subcutaneous injection of Shiga dysenteric exotoxin(12-30 mouse 
LD per 1 kg weight), The chemoreceptors of the small intestine (45 experiments and of the colon(7 
experiments) were investigated with the use of the generally accepted technique, The experiments were com 
ducted under urethane anesthesia given intravenously (4.1 cc of a 20% solution) some, 4-6 hours after injecting 
the exotoxin, some, 1,2, and 4 days later, The intestinal loop was extended from the general circulation 
and perfused with oxygenated Ringer-Locke solution at a temperature of 38-39’, The arterial pressure in the 
carotid artery and respirations were recorded, 


The chemoreceptors were stimulated by a nicotine solution which was added to the perfusing Muid in a 
concentration of 1y, 10y , and 100y per 1 cc of the solution, The toxin, sometimes 60-80 times the lethal dose, 
sometimes ia individual instances 120 times the lethal dose, was placed upon the mucous membrane of the in- 
testinal loop being ‘perfused, 


EXPERIMENTAL RESULTS 


The first series of experiments were performed the Ist-2nd day after dysentery intoxication, Introducing 
the Shiga toxin into the lumen of the intestine had no effect on the arterial pressure, in 6 instances the pressure 
rose a minimal 23 mm mercury in the column and in only one instance was the rise equal to 10 mm mercury 
pressure, 
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After placing the polton upon the mucous membrane of the intestine, 7 out of 17 cases had increased re 
fiex response to the nicotine, 6= diminution or total suppression and in 4— the reflexes were unaltered, 


As an example of increased reflex response after placing the toxin, we can use the results etistact aire 
presented in Fig. 1. As can be seen, introduction of the boutllon into the intestinal lumen (J ') had almost 
no effect upon the arterial blood pressure (Fig. 1, a). 


' 
Nicotin: Joutlon! Nicotine (Toxin 
1:16 1:20 {1:30 1:34 


Nicotine) j Nicotine? 
(2:10! 


| 


icotine™ | Novocaine| Nicotte 
42:20) 12:30] [2:40 42:45) 


| Nicotine! Nicotin {Nicotine 774 


Fig. 1, Experiment of June 6, 1953, Cat, 3.2kg. 2 days before the experiment 25 
mouse LD of toxin per 1 kg weight were given subcutaneously (explanation in 
text). 

Significance of the indicators(from above down); arterial pressure, base arterial 
pressure, respiration, marker of simulator, zero line, time marker (5 seconds). 


Nicotine did not alter the reflexes, After introducing the toxin into the lumen(1.0) of the intestine ({*), 


the reflex responses were markedly reenforced (Fig. 1, b). Forty-six minutes after the introduction of the toxin, 
_ the same amount of nicotine (10y ) raised arterial pressure 54 mm of mercury, i.e., 38 mm more than before 


the toxin was introduced, After introducing the toxin, the amplitude of the respirations grew and the respira- 
tory rate by 16-20 per minute, this being in contrast to the condition before the introduction of the toxin when 
10y of nicotine increased the respiratory rate only by 4-8 per minute, Deepening the narcosis somewhat de- 
creased the reflex response to nicotine but they still conspicuously (by 14 mm mercury) exceeded the initial 
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responses, Introducing novocaine (2 ce 1% sol.) into the lumen of the cat's intestine did not alter much the 
reflex response of the arterial blood pressure, After the temporary abolition of chemoreceptor reflexes by in- 
jecting novocaine solution into the vessels of the isolated loop, the returning reflexes remained strong, Corr 
siderably exceeding the initial response (fy 18 mm mercury) even 2 hours after the toxin had been introduced 
into the intestinal lumen (Fig. 1,c). 


Along with the increased reflex response to nicotine after the toxin had been placed on the mucous 
membrane of the poisoned cats, in 6 animals there was observed a depression or even a total abolition of re 
flexes. In 5 instances the reflexes were halved or even less as compared with base level; while in one the re- 
flex response to nicotine was completely abolished, 


In all 6 cases, within 15-60 minutes the reflex responses were fully restored, In the remaining 4 cases, 
there were noted no reflex alterations, 


Analogous results were obtained in 7 experiments performed on the colon although the degree of reflex 
alterations was less, Apparently, this fact is associated with the lesser sensitivity of the colonic interoceptors 
to chemical stimulators [5, 9). 


In this experimental series placing the toxin upon the mucosa within the first couple of days after dysenteric 
intoxication produced both a rise and a fall in the intensity of the reflex response to nicotine, 


V.L. Troitsky and M. A, Tumanyan [°) report that, when dysentery toxin having a labeled phosphorus 
atom is given subcutaneously, the maximal urinary secretion of the toxin occurs after 4 hours, Using as a ba- 
sis this statement, we conducted a series of studies on 10 animals 4-6 hours after poisoning them with the toxin, 


In this series, 7 showed an increased reflex response to nicotine after the introduction of the toxin, while 
in 3 instances the reflexes remained unchanged, In no instance were the reflexes diminished, All these ani- 
mals looked well; when sacrificed, there were no macrosocpic changes in the internal organs, 


In the third series we studied interoceptive reflexes 4 days after poisoning the animals, As a rule, these 
animals became quite ill, frequently developed a diarrhea and lost muscular coordination, When sacrificed, 
there could be seen edeiaa, hyperemia of both the serosa and mucosa of the bowel, hemorrhages, ulcerations 
and, sometimes, mucosal necroses, Analogous changes were seen in the stomach pylorus, 


Of 9 experiments performed on these animals, in six the reflexes were diminished on the average some 
4-6 mm of mercury with a restoration to normal after 7-35 minutes; in 2 instances the depressed reflexes 
failed in restoration, while in 3— the reflexes remained unchanged, 


Figure 2 presents the kymograms of one such experiment, Introducing the toxin into the intestinal lumen 
caused a slight rise in the arterial pressure and on this background the reflex response to nicotine (10y ) 20 
seconds after introducing the toxin showed only a negligible alteration (Fig, 2, b). After 5 minutes there was 
a definite reflex depression (first, 6 and, then, 8 mm mercury; Fig. 2, b and 2, d). Thirty-five minutes after 
introducing the toxin (Fig. 2, g) the reflex response to nicotine failed to become restored; there was no it 
creased reflex response in these experiments, 


In 8 out of 9 control experiments conducted on well animals introduction of dysentery toxin into the intes- 
tinal lumen did not affect the arterial pressure or the respiration, In only one case introduction of the toxin 
led to a short, insignificant (3 mm mercury) rise of the arterial pressure. The reflex responses to nicotine te 
mained either unaltered or changed but slightly. Of the 9 experiments in this series in six the reflexes stayed 
unchanged (Fig. 3), in 2 there was a slight reenforcement of the reflexes (response to 1Y of nicotine was in 
creased 8 and 6 mm mercury) with a rapid restoration to normal (within 7-8 minutes). In one experiment the 
reflex response diminished by 4 mm mercury 13 minutes after introducing the toxin, by the 18th minute 17 of 
nicotine had fully lost the capacity to elicit any response, In this experiment the reflcxes remained lost, 


In all the experiments, besides the arterial pressure, we recorded also the respiration but the small concen- 
trations of nicotine used by us did not always increase respiration, For this reason we did not use the respira- 
tory responses when analyzing the reflexes, 


Thus we have established that the character of the reflex alterations depends on the phase of the intoxica- 
tion, 
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= 
a The threshold dose for stimulating the chemoreceptors of the intestine in healthy animals, in our experi- 
4 ments, is 1 cc of a 10°*(1y) nicotine solution, this being in agreement with the greater material used by V. 
( 4 A. Lebedev (6). : 
4 
{Toxin 'Nicotir 
224 
4 
Nicotin¢ JNicotine’ {Nicotine! 
} x Fig. 2, Experiment of March 8, 1956, Cat weighing 2.9 kg. Toxin introduced 4 days 
previously (30 mouse LD per 1 kg). For clarification see text. 
4 Significance of tracirgs (from above down; arterial pressure, initial level of arte- 
z rial pressure, respiration, zero line, marker of stimulator, time interval (5 second . 
marker), 
Four to six hours after injecting subcutaneously the Shiga toxin, the threshold dose for nicotine stayed un- 
? altered (1y) remaining unchanged for 1-2 days, The intensity of the reflex response to 1y of nicotine diminished = 
g over the first and second days for an average from 9.5 to 6 mm mercury. By the fourth day, a state of severe < 
 f intoxication was apparent, the threshold rising to 10y. There was no reflex response to 1y. : 
i 
‘Nicotine {Nicoune! iNicotine} 
5 Fig. 3, Experiment of February 6, 1954, Cat weighing 4.150 kg, quite healthy, Expla- te 
3 nation in text, 
q Significance of tracings as in Fig. 1. Time marker (2 seconds). | 
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Our experiments suggest that even in the early phases of the Intoxication offering the toxin to the inter 
tinal receptors creates a greater sensitivity to the nonspecific chemical stimulator— nicotine, 


When the dysenteric intoxication is fully developed, introduction of the toxin into the intestinal lumen 
provokes a temporary suppression of the reflex response to nicotine, 


In healthy animals, analogous experiments produced no reflex alterations. Apparently, this indicates a 
greater sensitivity of the Intestinal chemoreceptors to the dysentery toxin while the organism ts suffering 
from dysenteric intoxication, A similar greater sensitivity of vascular receptors to antigens against a back- 
ground of intoxication or sensitization to such agents was found by A. D. Ado and his associates (2). 


There is also data indicating diminished sensitivity to acetylcholine after the dysentery toxin has acted 
upon the intestinal receptors (11). 


The evidence presented seems to indicate that, during experimental dysenteric intoxication, the intero- 
ceptor chemical reflexes responding to chemical stimuli in the intestine become altered, It may be surmised 
that patients ill with dysentery have analogous changes which express themselves clinically (3). 


Dysenteric toxins affect the interoceptive reflexes in a healthy organism very little if at all, For this 
reason, we agree with V. N.Chernova[10) who is of the opinion that irritation of the receptors in the intestine 
by dysentery toxins plays only a minor role in producing this disease. 


SUMMARY 


Reflexes obtained by perfusion of isolated intestinal loops with Shiga exotoxin and nicotine were used, 
Normal animals were tested first, Then, cats received large doses of Shiga dysenteric €xotoxin subcutaneously 
amd the isolated loop technique was followed within 4-6 hours in some animals; one, two and four days in 
others, Various concentrations of nicotine were used, Dysentery toxin was also placed on the mucosa of the 
loop as a definite maneuver, 


The results were somewhat conflicting but there seemed to be an alteration of the reflexes in response to 
the stimuli, The time interval from the toxin injection is of great importance, Originally, there seems to be 
reenforcement of the reflexes; this being followed, later, by an inhibition, 


The healthy animals were unaffected, These alterations are of such a nature that patients, already ill with 
dysentery, may have clinical manifestations analogous to those described here experimentally. It is doubtful 
if dysentery toxins play any role in the etiology of the discase. 
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Our preceding studies have shown that, in experimentally induced thiamine deficiency, various divisions 
of the nervous system of growing puppies had their thiamine — content lowered down to 213 pg % (nor- 
mal~140-180 y g (5). 


In addition, these studies established the fact that in these thiamine deficient tissues the nicotinic acid 
level remains either within normal limits or is actually somewhat elevated. 


The frequency and severity of the dystrophic alterations developing clinically in children dying eventually 
of dysentery led us to undertake an investigation into the arnount of thiamine and nicotinic acid found in various 
subdivisions of the central nervous ystem of young paticnts succumbing to dysentery, We also did post mortem 
studies on cases in which the dysentery was accompanied by pneumonia, as well as cases in which the children 
had had pneumonia only. 


In this study we used autopsy material taken from children dying between the ages of 0 to 2 years, 


Material was taken from various divisions of the central nervous system as well as some other tissucs of 
these children dying of dysentery (10 cases), dysentery complicated by pneumonia (12 cases), pneumonia (13 
cases) and surgical ailments (5 cases). 


The tissues of children dying suddenly of surgical complications were used as controls, 


In all cases 6 areas of the brain were subjected to analysis: cerebral cortex (frontal lobe), caudate nucleus, 
optic colliculi, pons Varoli, medulla oblongata and also tissues from the liver, muscles, lungs and colon. These 
last were of interest as they represented the organs directly striken by the listed diseases, The total and free 
thiamine was determined by the thiochrome method, the total nicotinic acid — by the thiocyanobromide me- 
thod, 


The autopsy material was analyzed within 24-26 hours following the death of the child, Preliminary deter- 
minations had shown that when tissues were kept in a moist atmosphere at 24° for a whole day their thiamine or 
nicotinic acidcontentdidnotalter; longer storage of the material (48-72 hours) at these conditions decreased 
the amount of thiamine. The nicotinic acid remained unaffected. 


Among the children dying of dysentery, 8 were in a hypotrophic state Il. Of the 9 children dying of dysen- 
tery complicated by penumonia concerning whom we had a dietary history, only one was normotrophic, the 
others —hypotrophic. The children dying after surgery were well nourished; death was caused by peritonitis de- 
veloping from bowel obstruction or appendicitis. 
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All the children had received antibiotics: sintomycin and penicillin, The amount of setomycin received 
by each child had been sinall; only three children had been given @to 1g for the total amount in the entire 
course of treatment, the other children receiving considerably smaller quantities, Also, the amount of penicil- 
lin given appeared to be relatively small. The sulfa preparations were utilized very rarely. 


EXPERIMENTAL RESULTS 


Thiamine content. As is well known from the literature, total thiamine Inthe brains of adults averages 140- 
160 pg %i in muscles and internal organs ~ 60 to 200 yg (1, 6). 


We were unable to find data on children. 


Table 1 demonstrates the quantitative content of thiamine in the tissues of the dead children, The average 
content of thiamine in the brain divisions of children dying of dysentery was 3.7-6.9 yg 7%; in the colonic wall, 
muscle, lung and liver: 1.9, 3.3, 3.8, 6.2 yg% respectively. 


TABLE 1 


Thiamine Content of Brain Subdivisions and Various Organs 


Thiamin content in 


% of tissues In children dying of 


Name tissuc : Dysentery Surgical 
yoentery 7 Pueuinonia dischecs 
—_tpneum a 


Spinaicord 4.6, 5.4 8.3 12 


2-8) (1=10) (4-20) (6-20) 
Medull l = 0. 12,7 
eaten (4—10) (1—10) (4—25) (10 
(3—12) (1—15) (5—40) (8—25) 
Ocular collicull & 5.8 4.5 9.5 15,2 
(4—8) (18) (5-20) (5—25) 
Head caudate nucleus’ - 4.8 5.7 9.0 


Averages for nerve tissues 


* The table presents the average values of total thiamine. In parentheses are given the 
limits of fluctuation of the thlamine concentrations. 


When studying the peripheral tissues it was observed that the severest diminution of thiamine took place in 
the wall of the colon: in three out of ten cases thiamine hac disappeared completely. 


The thiamine content in the various subdivisions of the brain in children dying of dysentery complicated by 


pneumonia equaled 3.7-6 yg %s In the lungs of these children was found the smallest quantity of thiamine — 2,2 
u gh; the fluctuation in the thiamine concentration in the colonic wall in 12 cases was 0-25 pg (average 4,5 


g%), in muscle — 3.9" g%, in liver — 5.5 
Similar quantities were found in the brain tissues of children dying of pneumonia (Table 1). 
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(1—7) (0—4) (0--15) (4—15) 
Colon ye eee i.9 5 6.2 10.8 
(0-5) (0—25) (0-12) (0-30) 
Muscle (0—6) (2—8) (2---20) (8—35) 


In all brain and other tissues of children dying of surgical causes, the thiamine content was much higher 
than in childcen dying of dysentery of pneumonia, 


Nicotinic Acid content, In the brain tissues of children succumbing to dysentery the nicotine acid con 
tent was 0.17+4.24 mg % (Table 2. The average content of this vitamin in the various brain subdivisions re- 
mained within normal limits (nicotinte acid in the brains of normal adults— 1,82 mg 7. Nicotinic acid in 
the wall of the colon averaged 1.47 mg % in children dying of dysentery, the limits of fluctuation being 0,4- 
3.4 mg %. The accepted normal content of nicotinic acid in the colon is considered to be 1.52.4 mg}. In 
the muscles of the children of this group, nicotinic acid content averaged 1.69 mg % with Muctuations within 
the limits of 0.1-6.3 mg % (normal — 4,8-5 mg %. In this instance, there should be noted a diminution of ni- 
cotinic acid in the muscle tissucs, 


TABLE 2 


Nicotinic Acid Content of Brain Subdivisions and Various Organs 


Nicotinic acid content in mg % in the tissues of 
children dying of 
Narne of tissues = ysentery 


i Surgical 
sentery |COMplicated Ppeumonia 
PY by pncum, diseases 


Spinal cord 2.05" 2.64 5.0 4.02 
(0.33—3 33) |(1.73—5.53)| (1.15—8.91) | 
1.86 2.61 4,93 4.5 


(0.17—-3.96)| (1.2—4.0) | (1 0—13,6) 
1.72 2,71 46 
(1.0— 2.33) |  (1,5—9.3) 
2,44 5.8 
(0.64.94) (1.5—17.5) 
2.6 4.5 


Medulla oblongata 
Pons varoli 


Ocular colliculi 


Head caudate nucleus 64 
(1 .5—.3.94)) (1.43—-11.6) 
2.53 4.4 


Cerebral cortex (0.52.03) |(1.63--4.77)| (1,959.0) 


Average for nerve tissues 


3.54 3.69 6.8 5.6 
(1 .2—6.13) | (2.15--6.2)]  (1.5—18.6) | (2.04—10.0) 
2.06 2.8 4.1 3.2 
(0.76—5.06)| (0 6—6.7) | (0.6—6.6) | (1.34—-4.8) 
47 2.6 4.9 2.76 


1.47 
(0.4—3.4) | (0 5—4.84)| (1.5—13.0) | (0.44—4.0) 
1.69 2.3 46 3.93 
(0.1—6.3) | (1 13—5.2) | (1.58--12.74) | (2.8—5 4) 


* The table presents the average values of total nicotinic acid, In parentheses are 
given the limits of fluctuation of the nicotinic acid concentrations, 


In the lungs nicotinic acid averaged 2.06 mg % with fluctuations from 0.76 to 5.06 mg % which is practi- 
cally normal (1,8 mg 

The content of the vitamin in the liver averaged 3.54 mg % in the fluctuations being from 1.2 to 6.13 mg%, 
this being below the data in the literature (5,3-6.7 mg 7. 


In the brain tissues of children dead from dysentery complicated by penumonia, the nicotinic acid content 
fluctuated within the limits 0.6-5.53 mg %. The different brain subdivisions had sharply different amounts of 
this vitamin within them. 
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ht was anticipated that the lung—the organ directly affected — would show alterations of the nicotinic acid 
content, Actually, the average was 2.8 mg 7% with fluctuations between 0,6 to 6.7 mg %7 values somewhat 
higher than those obtained from children dying of dysentery only, 


The nicotinic acid content of the colonic wall was somewhat greater than in the preceding group, avera- 
ging 2.6 mg % with Muctuations within the limits of 0.54.84 mg %. These figures can be evaluated as being 
within the upper limits of the normal seen in adults, , 


In muscles the nicotinic acid Nuctuated between 1.13 and 5.2 mg %, the average being 2.3 mg %. 


High nicotinic acid levels were discoveredin the brain tissucs of children dying of pncumonta or of acute 
surgical complications. In the first instance of the fluctuations were between 4,4 and 5.8 mg %, in the latter 
instance — 4,02-6.15 ing %. 


Within the various subdivisions of the brain in children, dying at ages 0 to 2 years, from dysentery and dy- 
sentery complicated by pneumonia, there was discovered a marked lowering of thiamine — 3,7-6.7 mg %, while 


in those dying of pneumonia— 5,5- 12.2 mg >. 


In children of same age range dying of short term surgical conditions the thiamine content proved to be 
high equaling 12-33 mg %. 


The nicotinic acid content of the brain and other orgausinchilden dying from dysentery was lowered only 
minimally while in other conditions it was within normal limits, 


This severe lowering of thiamine cortent in children dying of dysentery agrees with the experimental data 
obtained from puppics put into a prelethal state by prolonged thiamine deprivation. This gives sutstantial basis 
for the belief that thiamine insufficiency plays an important role in the pathogenesis of dysentery, 


SUMMARY 


The vitamins thiamine and nicotinic acid were studied in the tissues of chillren dying from dysentery alone, 
dysentery complicated by pneumonia and various acute surgical conditions, Specific subdivisions of the brain 
as well as some internal organs were examined, The age range was 0 to 2 years, 


Nicotinic acid was not found to be diminished seriously, if at all. Thiamine underwent marked depiction, 
particularly in the central nervous system. This is in agreement with experimenal data obtained on studies per- 


formed with growing puppics, 


There is substanial rcason for the belief that thiamine depletion plays a role in the pathogenesis of dysen- 


tery. 
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SITE OF CARNOSINE BIOSYNTHESIS IN THE ORGANISM 
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As a result of studics conducted in recent years under the direction of S$, E. Severin, considerable progress 
has been made in clarifying the physiological role of caruosine and anserine. The data obtained indicate par- 
ticipation of these substances in the aerobic and anaerobic processes of carbohydrate conversion in muscle tis 
suc, leading to formation of high-cnergy compounds [2, 6, 7). Until now, however, the question of pathways 
and site of synthesis in the organism of these dipeptides has remained unclear, 


In 1950-1952 N. A. Yudaev obtained the first experimental data on formation of carnosine and anserine 
in the organism by way of condensation of the amino acids forming the dipeptides [8, 9}, the conclusion being 
reached that carnosine synthesis occurs in the nuscle tissue itself (8). 


In later studies of other authors the chief part in this synthesis was, however, referred to the liver [1, 4, 21). 


In the present paper the question of the site of carnosine syuthesis and the role of the liver in this process 
was studied, The method of isotope indicators was used in combination with operations of functional exclusioa 
of the liver and complete hepatectomy, In the course of the work labeled histidine —2C™ was synthesized also, 


METHODS 


Labeled histidine- 2c was synthesized according to Borsook's modification [13], the basis of which is the 


method of Ashley and Harrington, developed for obtaining thiohistidine (12). Certain steps were carried out by 
directivns proposed by Heath, Lawson and Rimington, in which yields of a number of intermediate products were 
markedly timproved (15). 


Young rabbits of 3-8 days and adult rats were used for experiments, The labeled amino acid was adminis 
tered subcutaneously in the amourit 2000-5060 impulses per minute per 1 g body weight, Muscles of the rear ex- 
tremities were used for study, and also spinal muscles in the young rabbits, Muscle tissue was freed of fat and 
connective tissue, ground with 4 volumes of 7 trichloroacetic acid and centrifuged, Carnosine was isolated 
from the centrifugate and purified of amino acids, This was necessary since according to literature data the 
second carbon atom of the imidazole ring of histidine can be utilized for building the carbon skeleton of cer- 
tain amino acids (20}. Radioactivity of proteins in the precipitate was investigated, 


Carnosine was purified by twice precipitating the dipeptide with Hopkins" reagent (10% solution of HgSO, 
in 5% H,SO,.). The mercury precipitate was washed 3&4 times with water to which a smal! amount of the pre- 
cipitating reagent (1:50) was added and was decomposed with hydrogen sulfide, The acid solution, containing 
SO, ions, was neutralized with cold saturated Ba(OLD, solution and the precipitates of barium sulfate and mer- 
cury sulfide filtered off. The filteate obtaincd was evaporated to a small volume and chromatographed twice, 
Chromatography was conducted according to the method previously described (10), Usually an extract of two 
samples was applied to a sheet of Wattinan No, 2 paper 56X30 cm on the edge of the broad side of the paper, 
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As the first solvent 80% aqueous phenol was used, in which carnosine was separated from the matin mass of re 
maining amino acids, The second solvent was 80% aqueous phenol saturated with HCI vapors (11). For the se- 
cond chromatogtaphing carnosine was extracted from the first chromatogram 7-10 times with hot water, the cx- 
tract was filtered, evaporated to a small volume and applied to a new sheet of paper, Previous to extraction 
of carnosine from the chromatogram solvent was removed, The phenol was first removed at room temperature 
in a stream of air, and chromatograms were treated first with ether 3 times in a bath, then 7-10 times with 
acetone in a Soxhlet apparatus, In extracts obtained after the second chromatographing (purity of the tsolated 
Carnosine was 90-957) the radioactivity and amount of carnosine was determined, Carnosine was determined 
by the diazo reaction as modified by Meshkova (3). Protein was treated according to the previously described 
method (17). Then 10.ng batches of it were prepared and placed on foil targets, Radioactivity was determined 
with a Geiger- Muller counter, 


EXPERIMENTAL RESULTS 


The data obtained on incorporation of histidine- 2C™ into muscle dipeptides of normal animals are given 
in Table 1, 


As seen from this table, 24 hours after single injection of histidine 2C™ in the amount 2000-5000 impulses 
per minute per 1 g body weight the radioactivity of muscle carnosine of young rabbits was 700-800 impulses per 
minute per 1 mg dipeptide, Repeated injections at 24-hour intervals led to increase in dipeptide activity; how- 
ever, the extent of utilization of histidine- 2c“ scarcely changed, which is indicated by the constancy of the 


TABLE 1 


Incorporation of Histidine- 2c™ into Carnosine and Proteins of Muscles of Young Rabbits 
and Adult Rats 


in ratio of activity 
Exp. Exp. No. ter last | In isnps. L mg camosine (in imps/ 
No. Janimals| | of jinjection) / min, |rivity histidine min.per 
in g) injectiors| (in hrs) per 10mg per 1 g body wt, 10 mg) 


Average 0.253 


0.168 
0.242 


ratio of activity of 1 mg carnosine to activity of the histidine adininistered per 1 g body weight. This fact in 
dicates slow loss of label from the carnosine, since theoretically with increase in number of injections this ratio 
should decrease, Labeled histidine was also incorporated into muscle carnosine of adult rats, 


As a result of hydrolyzing the carnosine it was found that the dipeptide activity was due to the histidine re- 
sidue. 


Preliminary calculations showed that muscles of young rabbits retain 5- 7% of the amount of histidine- 2c“ 
administered, 50-60% being in the nonprotein fraction chiefly carnosine, 


Unlike carnosine we could not detect the appearance of radioactivity in muscle anserine of aduit rats after 
injection of histidine- 2c™ even upon administration to animals of 30 times greater activity (100,000 imp./inin 
per 1 g body weight). 


2. rig 
q 
rabbi 60 24 601 0.261 
Same 72 24 824 0.356 65 
149 ! 24 739 0.246 57 
75 2 24 972 0.226 a 
185 2 24 1285 0.240 90 
113 3 24 1541 0.270 92 
9 190 3 24 1532 0.170 117 eo 
q 9 252 1 24 726 10.6 Ps 
3 
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The cause of the negative reerlts is apparently the slowness of the processes of methylation of histidine, 
Possibily the methylation Is accompanied by forniation of an intermediate product, which proceeds at a slow rate, 
thus limiting the rate of the process as a whole, [It was tecently shown that after administration to rats of labeled 
c™ in the methyl group of methionine the label appears in anserine in 4 hours [18], Comparison of the data ob- 
tained with ours warrants the assumption that in this case either a precursor of methylhistidine present in tissues 
could be methylated, of carnosine, 


In recent years the incorporation has been shown of labeled g- alanine 1c! and histidine 2C™ into carno- 
sine and anserine of chicks and young rats and the incorporation of labeled 1- methythistidine- C4 into anserine 
of the same animals (14, 19). The data obtained together with the incorporation of histidine 2C™ into carno- 
sine of young rabbits and adult rats which we observed, support the view expressed above of synthesis of the di- 
peptides in the organisin by way of condensation of their constituent amino acids, 


In order to clarify the question of the site of carnosine formation and the role of liver in this process, rats 
were subjected to the operation of functional exclusion of the liver, Animals were used for experiment in which 
after ligating appropriate vessels the _astrointestinal tract was removed entircly, snd vessels were also ligated 
which supply the liver (5). Animals seryeu as controls in which the abJominalcavity was opened simultane- 
ously with the experimental and subsequently closed. 


After injection of labeled histidine in the amount 5000 impulses pet 1g body weight, it was found that inten- 
sity of incorporation of this amino acid into carnosine in animals with liver excluded froin the circulation and 
deprived cf .astrointestinal tract was 144 times greater than in sham-operated animals, Study of radioactivity 
of liver protein showed that these values in experimental animals were less than 57% of the respective values of 
control animals, At the same time radiohistidine incorporation into muscle proteins of experimental animals 
was even a little increased, Thus, although the liver was not completely removed from the animal, the 
administered histidine scarcely entered it(Table 2, The observed increase in labeled histidine incorporation 
into muscle carnosine of experimental onimals is apparently explained by the sharp decrease in cleavage of the 
administered asuino acid, as well as by the fact that it is not utilized for synthesis of proteins of the removed 


organs, 


TABLE 2 


Histidine- 2c“ Incorporation into Carnosine and Proteins of Muscles and Liver of Sham- 
Operated Animals and Animals with Functional Exclusion of Liver 


Time af Sham operation Liver exclusion 
ter histi-| Ami - activity Ani activity 

Expy dine mal |e arosine| Muscle |liver pro-mal liver pro- 
ministraty wt, imps. tein(in |we, ‘(ini sin |tein(in 
(in hrs) |(in g) inimps. Anin ¢; in.per Kinimps/|imps./min, 


/min.per| per 10 m i 10 n 


| 


— 
oru 


In the next series of experiments the operation was performed in two steps with an interval of 23 weeks, 
which permitted complete removal of not only the gastrointestinal tract but also the liver (16). In the hepatec- 
tomized animals the kidneys were also removed with the purpose of determining their role in carnosine synthe 
sis. Study of incorporation of radioactive histidine into carnosine in animals thus operated gave results analogous 
to those obtained in the preceding series of experiments (Table 3). The results of our experiments on animals 


4 
: 
4 
| 
per 10 ny 
i 10 313 3161 32.8 7.3 
a 14 275 -- 404.4 3il 2719 21.3 15.9 
19 | 270] 995 416 313 | 2742 | 29.5 | 12.5 
‘os 21 263 1646 400 303 3223 36.5 14.4 = 
2] 13 — 256 | 1014 | 15.9 8.0 
= 13 -| = _ 273 | 158 | 19.5 | 3.5 
15 | 215] 975 201 
15 | 220] 686 220 
4 20 | 251 | 983 236 | 237] 183 | 25.5 | 3.8 
a 21 208 1021 226 242 1524 26.0 7.0 ; : 
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subjected to the operation of functional exclusion of the Hyver coincide very well with recent data on the fact 
that labeled g- alanine is incorporated at a greater rate into muscle carnosine and anserine of tats subjected 
to operative removal of PF of the liver, The authors of these studies concluded that they did not succeed in 
obiaining information on whether formation of the dipeptides proceeds in the liver; they also point out that in 
order to establish the site of their synthesis, additional studies are necessary (14). 


TABLE 3 


cf Carnosine Biosynthesis in Hepatectomized Rats 
Sham operation Hepatectomy 
=| Carnosine activity camosine activity 
4 3 i |imratioofactivi in ratio of acti- 
| animal 1 |tyl mgcarnosid Animal vity 1 mg car- 
z if wt. (in mp. ne to activity in imps./ nosine to activi- 
histidine admin, (in g) min,per histidine admin, 
4 SE per 1 g bodywt 1 mg per 1 g body wr, 
4 1135 = 617 0.124 
40 -- 255 971 0.204 
70 405 1208 0.240 
2] 2 255 042 
L 4.0 984 0.200 280 550 0.112 
5.0 1015 0.207 262 1238 Q 248 
6.5 894 0.177 307 1764 0.353 


The data obtained on the increased rate of histidine- 9C™ incorporation into muscle carnosine of rats with 
functional exclusion of the liver and on renewal of this dipepride in hepatectomized and nephrectomized ani- 
mals permit the conclusion that liver, kidneys and 3a*trointestinal tract do not participate in carnosine syn 
thesis and speak in favor of its formation in muscle tissue, 


I am very grateful to V. O. Maimind for guidance in synthesis of histidine- 2C™ and for supplying a prepa- 
ration of radioactive potassium thiocyanate, 


SUMMARY 


Radioactive histidine was used to investigate the place of synthesis of muscular carnosine, In rats with the 
liver functionally excluded synthesis of muscular carnosine by the inclusion of the radioactive amino acid pro- 
gresses rapidly. Renovation of the dipeptide took place on both hepatectomized and nephrecto- 

mized animals, From the data gained the conclusion can be made that liver, kidneys and gastrointestinal tract 
do not participate in the synthesis of carnosine, its formation taking place in the muscular tissue, 
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PHARMACOLOGY 
THE EFFECT OF CORAZOLE°ON THE PERIODIC ACITIVITY OF Me 

A "HUNGRY" STOMACH 


N. G. Stroikova 


From the Department of Pharmacology (Head-S, V. Anichkov, Active 
Member of the USSR Academy of Medical Sciences), Institute of Ex- 
perimental Medicine (Director- Prof, D, A. Biryukov, Corresponding 
Member of the USSR Academy of Medical Sciences) 


(Received September 9, 1956. Presented by Prof, S. V. Anichkov, Active Mem- 
ber of the USSR Academy of Medical Sciences) 


Extra- digestive gastric contractions were first observed by A. M. Cheshkov (7), in experiments on dogs. 
V. N. Boldyrev (1) studied this activity of the Zastrointestinal tract systematically and in detail, V. N, Bol- 
dryev and other authors have shown that the increased motor activity in the body of a hungry animal or man 
is connected with a series of physiological reactions, The regular appearance and accurate alternation of the 
active and resting periods of all the periodic activity components indicates that these periodic changes in the 
body are regulated by one central mechanism, 


The existence of central influences on the stomach has been proved by direct experiments with mechanical 
denervation of the stomach, It was established that the periodic gastric activity ceases when the vagus nerves 
are cut. As the vagus nerves regenerate, the “hungry” movements of the stomach are restored (6). 


Therefore, according to contemporary opinion, the periodic activity of the stomach is regulated by the 
central nervous system. The regularity and inertia in the appearance of this function suggest that it is the lower 
sections of the central nervous system which directly regulate the periodic activity of the stomach, The cere 
bral cortex can adjust and modify the function in question according to environmental conditions and to the con- 
dition of the body (2, 3, 5). 


Studying the periodic contractions of the stomach can be quite helpful in ascertaining the mechanism and 
typical effect of therapeutic substances on the lower sections of the cenrral nervous system, 


In this work, we studied the effect of corazole, which has a stimulating effect on the central nervous system, 
on the periodic activity of a "hungry" stomach, 


EXPERIMENTAL METHODS 


The experiments were done on two dogs, Secret and Tarzan, which had Rasov's gastric fistula, The ani- 
mals were experimented upon 18- 20 hours after their last meal, Any food that still remained in the stomach 
was washed out with a lukewarm physiological solution, The contractions were recorded with a rubber balloon, 
which was connected to Marey's capsule by a water- air transmission with a system of rubber tubes, The gastric 
contractions were registered on a kymograph-simoked tape, with a slow cylinder rotation (1 turn per 6-8 hours). 
This slow rotation was accomplished with the help of a small, synchronized Warren's motor, which was joined 
with the rotating mechanism of the kymograph by a system of cog-whecls, The low speed of the kymograph 
cylinder's rotation made it possible to record an entire experiment or most of it on one tape (duration of experi- 
ment; 6-10 hours), 
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Fourteen control experiments wete done and thirty: five with the corazole Infection, 


In the dog Secret, the active and resting periods occurred with @ strict rhythnifcity in the control series of 
experinients, Four to five active periods occurred, lasting from 16-25 minutes durtng 7-$ hours ef observation, 
The testing periods lasted from 70-95 minutes, 


Slightly more variation in the duration of the active periods and the intervening pauses was observed in the 
control experiments with Tarzan, The contraction perlods lasted 14-30 minutes, and the resting periods, 65- 
100 minutes, 


In view of the Muctuating (ndices of periodic gastric activity in the control exper{ments, we conducted 
preliminary observations for a period of 3 4 hours before each experiment, as well as those done in the control 

experiments, and only administered the preparation to be tested after we knew the character of the contractions 
on the day of the experiment, Corazole was injected subcutaneously during the p2use between the contractidns, 
15 25 minutes after the end of the last active period, 


EXPERIMENTAL RFSULTS 


We first examined the effect of corazole in a dose of 20 mg/kg, which, according to data in the literature, 
has a marked stimulatory cffect on the central nervous system, The injection of this dose of corazole caused 
such a considerable protraction of the resting period that, in some experiments, the alternating action period 
disappeared completely, In some experiments, the contzaction periods became much shorter, and the amplitude 
of the contractions decreased. Often the action period succeeding the protracted pause also was lengthened (see 
Tabie and Fig. 1). 


Fig. 1. Effect of 20 mg/kg of corazole on periodic gastric activity in Tat- 
zan, Curves from top to bottom show: respiration, periodic gastric com 
tractions; indication of time (in 4 minute marks), The arrow shows the 
corazole injection. 


Therefore, when testing the effect of 20 mg/kg of corazole on the *hungry* movements of the stomach, 
we discovered that this dose first suppressed motoricity up to complete inhibition of the perfodic contractions 
fur 2-4 hours, but then increased gastric motor activity. 


Theve are indications in the lterature that corazole can paralyze the postural reflexes, the labyrinth re 
Nexes and the righting reflex (8, 9]. However, since this type of effect was only observed when very large, 
convulsive doses of the prepzration were administered, the inhibition observed may have been due to the paral- 


yils of the nerve centers, 


An inhibitory effect on models of periodic activity was obtained from a comparatively small dose of cora- 
zote, which dic not cause convulsions or any change in the outward behavior of the animals, In this case, it ts 
difficult to believe that gastric motor zctivity was inhibited because of nerve center paralysis, it ts more prob 
able that, in our experiments, pessimal inhibition was caused by the addition of corazole's stimulatory effect to 
the already stimulated centers regulating the *hungry* motoric:ty of the stomach. If our proposition is correct, 
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then tmalier doses of corazole should alto have # stimulating effect on this function. There was no noticeable 
effect on the character of the periodic gastric contractions In either of the dogs caused by a dose of 5 mg/kg 
of corazole, When 10 mg/kg was Injected, changes were observed in the dog Tarzan, but they were unstable 
in character: in three out of five experiments, the pause either became shorter ot the action periods longer, 


TABLE 


Duration of Resting and Action Perfods in Minutes in the Dog Tar- 
zan with 20 mg/kg of Corazole Injected 


Duration of resting | Duration of action 

; period peri 

experi- | Before co- ATter cora= | Before ee After cora- 

ments jrazole in- |zole injec- |zole injec- |zole injec - 
tion 


Jection _|_tion i tion 
1 102 228 18 60 
2 108 156 19 43 
3 “ 116 2! 19 
4 88 216 16 132 
5 88 220 16 50 
6 86 260 25 40 


The stimulating effect of corazole on the "hungry" movements of the stomach was clearly manifested in 
the dog Tarzan when a dose of 15 mg/kg was used: the contraction periods became 5& 38 minutes longer, an 


average of 21 minutes for five experiments (Fig. 2. 


Fig. 2. Effect of 15 mg/kg of corazole on perfodic gastric ac- 
tivity in Tarzan, The curves are the same as in Figure 1, 


In Secret, unlike Tarzan, this dose of corazole did not have this type of effect in any of the experiments, 


In two out of four experiments, this analeptic had an immediate inhiblrory effect of the gastric motoricity, which 


was indicated by a certain decrease in the duration of the action period (7-9 minutes), 


Therefore, the experiments with the injection of corazole in small doses showed that this analeptic can have 


a simulating effect on the periodic activity of # *hungry* stomach, within a definite range of doses, which was 


shown most clearly in the experiments on Tarzan, 


Therefore, the use of periodic gastric activity as an index of the typical action of corazole shows the di- 
phasic character of its effect on the central nervous system. it is particularly certain that small doses of cora- 


zole (15-20 mg/kg), which do not have a convulsive effect, can have both a stimulating and an inhibitory effect 


on the central nervous system, It is possible that the inhibitory effect depends on the development of pessimal 
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inhthitton in the centers regulating the periodic activity of the “hungry® stomach, It Is Interesting that, In com 
formity with our data, the inhibitory effect of corazole could also be observed on a model of calomel hyperse- 
cretion, The centers of the brain stem which regulate intestinal secretion appeared In a condition of maximal 
stimulation when an intestinal loop, isolated according to Thiry-Bella, was stimulated with calomel (4). In 
both cases, the existing condition of preliminary stimulation evidently aided the development of the inhibttory 
phase of coiazole's effect on the central nervous system, 


SUMMARY 


It has been experimentally shown that the effect of corazole on the *hungry*® movements of the stomach 
depends on the dose given, Large but not convulsive doses (20 mgAg) caure an inhibitory effect resulting, prob- 
ably, in pessimal inhibition developing in the central nervous system, Smaller doses (1015 mg/kg) exert a 
stimulating effect leading to prolonged peristalsis. 
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THE SELECTIVE EFFECT OF CERTAIN CHEMICAL STIMULTANTS 


ON THE INTEROCEPTIVE REFLEXES 


Article 1V. THE FFFECT OF STREPTOMYCIN ON CHEMORECEPTOR AND MECHANORECEPTOR 
REFLEXES IN CONDITIONS OF DECERERRATION 
I. E. Gaber 
From the Department of Experimental Pathology Cead-G, S, Kan, Candidate for Medical Scien 


ces), Leningrad Institute for Tuberculosis Research (Director- Research Consultant A, D, Semenov 
Prof. V. N. Cheruigoysky, Active Member of the Academy of Medical Sciences, USSD 


(Received November 2, 1955, Presented by Prof. V. N, Chernigovsky, Active Member of the USSR Aca 
demy of Medical Sciences) 


Data from experimental research has shown (1, 2] that the general effect of streptomycin is to act elec: 
tively on definite mechanisms in the central nervous system, Its action, which is, as a rule, inhibitory, affects 
primarily that part of the neryous system into which the impulses from the chemoreceptors enter, 


We conducted a series of experiments similar to that described in Article I] [2) on decerebrated, healthy 
animals in order to definitely locate the part of the central nervous system affected by the action of streptomy- 


cin, 


EXPERIMENTAL METHODS 


The experiments were conducted on male cats, The animals were anesthetized with ether aad fastened 
to a table, then both carotid arteries and the trachea were dissected free, The left carotid artery was ligated 
and used to measure plood pressure, A clamp was applied to the right carotid artery in order to prevent hemor- 
thage when the brain was transected, Then the animals were fastened dorsal side up on the table; a curved 
incision was made imo the skin of the left temporal region of the head, and the temporal bone was exposed; 
a hole 2 cm in diameter was drilled into it, an incision was made into the dura mater and the brain was tram 
sected between the superior and inferior colliculi of the corpora quadrigemina, 


In almost all the animals, the operation was attended by weakened respiration and more or less developed 
muscular rigidity, We did not begin the experiments until 60-80 minutes after the operation, Usually, an 
even background of blood pressure and respiration had been established by this time, 


Blood pressure and respiratory reflex reactions from the chemoreceptors of the small intestine were caused 
by stimulating the latter, tsolated from circulation (according to V. N, Chernigovsky), with acetylcholine (10-4), 
nicotine (1075) and carbon dioxide (1075) under perfusion conditions, 


The walls of the bladder were distended with alr (70-80 nun of mercury pressure) to examine the reflex 
reactions from the niechanoreceptors, 


The blood pressure in the left carotid artery was recorded and respiration was recorded by means of a Marey's 
capsule, 


The blood pressure and respiratory reflexes caused by stimulation of the chemoreceptors and mechanore- 
ceptors were studicd in 5 experiments, The same reflexes from the intestinal chemoreceptors alone were studied 


in 4 experiments, 


Streptomycin was injected intramuscularly in a dose of 200,000 units, The reflexes were examined before 
the preparatory injection and then every 15-20 minutes after the injection for an average of 1°/, liours, 
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EXPERIMENTAL RESULTS 


Twenty minutes after the streptomycin injection, the blood pressure fell sharply in two experiments, be 
coming, by the end of the experiment (after 2 hours) 35,5 and 27,4 7 of the original level, In 4 experiments, 
the blood pressure did not fall as sharply after the streptomycin Injection, but fell an average of 18.6%. In one 
experiment, the pressure remained practically the same, while, in two experiments, the blood pressure curve 


rose 9.9 and 12,7%, 


The original reflex reactions from the experimental zones were considerably greater than in the experi- 
ments using anesthesia (this has already been pointed out by V, N. Chernigovsky (1941), V. A, Lebedeva (1947), 
G. 1, Kovaleva (1949) and other authors). How these reactions changed under the influence of streptomycin ts 


described as follows, 


The vasomotor reflex to acetylcholine stimulation of the chemoreceptors was studied in all 9 experiments, 


After the streptomycin Injection, it decreased more than 50% in 4 experiments (Fig. 1), in two other experiments, 


~ 


10°" 1 “mL Vac 10°41 mit PJ ac 10-4) 1 fac 10741 ml imi 


Fig. 1. Effect of streptomycin injected intramuscularly on blood pressure level and on 
reflexes from chemoreceptors of the small intestine, 

4) before injection; ,c) after streptomycin injection (200,000 units, Curves from 
top to bottom indicate: 4) blood pressure, respiration, indication of time in 5 second 
marks, indication of stimulation; b, ¢) respiration, blood pressure, indication of time, 
indication of stimulation, 


by 23 and 37,57, and it disappeared completely in two experiments, In one experiment, the vascular reflex to 
acetylcholine was reversed 20 minutes after the antibiotic injection (depressor reaction), but, by the end of the 
experiment, had regained its usual form (pressor effect) and even slightly increased, 


The blood pressure reflexes caused by the introduction of nicotine into the perfusate (S$ experiments) were 
very large before the streptomycin injection, but became considerably smaller after the injection, In 5 experi- 
ments, the reflex decreased more than 50% with the introduction of nicotine into the perfusate, In one experi- 
ment, an hour after the streptomycin injection, the reflex disappeared completely upon the introduction of ni- 
cotine into the perfusate (Fig. 2; in one experiment, it decreased by 30.8% . This reflex also increased spor 
taneously before the streptomycin injection, Finally, in one experiment, the reflex to nicotine increased 38% 
after che streptomycin injection, 


Reflexes to carbon dioxide were studied in 5 experiments, In two of them, the blood pressure reflex was 


completely suppressed after the streptomycin injection; in one experiment, the reflex decreased more than 50%, 


in another, 307%, and in the last experiment remained almost the same, 


The reflexes from the bladder mechanoreceptors were also studied in § experiments, The results of these 


experiments confirmed the rule which we discovered in previous studies, In 3 experiments, the vascular reflexes 


occurring when the bladder mechanoreceptors were stimulated remained the same after the streptomycin injec- 
tion, and they became only slightly smaller intwo — experiments(Fig. 3), Asa rule, in these experiments, 
the reflexes from the small intestine chemoreceptors either completely disappeared or were greatly inhibited, 


Streptomycin caused the respiratory reflexes in the decerebrated animals to change in the following manner, 


The reflex to acetylcholine was inhibited in 3 experiments and unchanged in 5, i.e., the intensity of increase in 
amplitude and frequency of the respiratory movements was the same before and after the injection of the prepa- 
tation, When the chemoreceptors were stimulated with nicotine, the respiratory reflex was inhibited in 5 cases 
and remained unchanged in 3, 


616 


q 
4 
4 
4 
. 
| 
= 
4 
= 


; The reflexes to carbon dioxide were tested In § experiments, In two experiments, after the streptomycin 
be injection, the frequency of the respiratory movements became lower and the respiration amplitude remained 
3 the same, In one experiment, the respiratory reflex disappeared completely, and in two experiments, strep- 
tomycin caused no change in the respiratory reflex, 
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Fig. 2. Effect of streptomycin injected intramuscularly on reflexes from chemorecep- 
tors of the small intestine, 

a,b) original reflexes; c,d, ¢) after streptomycin Injection. Curves(from top to 
bottom) are the same as wn Fig. 1. 


Out of 5 experiments with bladder mechanoreceptor st:mulation, the respiratory reflex was only inhibited 
in one, while in the other experiments, the reflex did not change, 


Therefore in experiments on decerebrated animals, streptomycin has the same effect on the reflexes studied 
as in experiments using narcosis, In this case also, in a large majority of experiments, streptomycin caused the 
absolute magnitude of the blood pressure reflex to decrease, the respiratory reflexes occurring upon simulation 
of the smal] intestine chemoreceptors to be inhibited, and no change or only slight inhibition of the same re- 
flexes occurring in response to stimulation of the bladder mechanoreceptors, 
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Fig. 3. Lack of change in reflexes from the bladder mechanoreceptors in connection 
with the streptomycin injection. 

a, b) original reflexes; c,d,¢, f) after streptomycin injection, Curves (from top 
to bottom) are the same as in Fig. 1. 


The data obtained indicate that the selectively inhibitory effect of streptomycin on the afferent course 
from the chemoreceptor ficlds is realized in the central nervous system at a level located below the midbrain, 
; Special electrophysiological studies are necessary to more exactly determine the area directly influancad by the 
antibiotic's action, 
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SUMMARY 


Experiments on cats have shown that the selective lahibitory effect of streptomycin on the chemoreceptive 
afferent paths is accomplished at the level situated below the mesencephalon, 
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3 MICROBIOLOGY AND IMMUNITY 

2 ON THE QUESTION OF THE RAPIDITY OF DEVELOPMENT AND 

q DEGREE OF IMMUNITY AGAINST TETANUS AND GAS GANGRENE WITH 

DIFFERENT METHODS OF IMMUNIZATION 

A. Ya. Alymov, G, N. Kryzhanovsky and L, A. Pevnitsky 


From the Laboratory of Pathological Infections (Chief, Corresponding Member of the USSK Aca- 
demy of Medical Sclences Prof, A, Ya, Alymov), Division of Gencral Pathology (Chief, Acade- 
mician A, D, Speransky), Institute of Normal and Pathological Physiology, USSR Academy of 
Medical Sciences (Director, Active Member of the Academy of Medical Sciences Prof, V, N. 
Chernigovsky), Moscow, 


(Received December 28, 1956. Presented by Active Member of the USSR Academy of Medical Sciences 
Chernlyovsky) 


One of the important problems of contemporary practical Immunology appears to be the investigation of 
methods of active immunization which would make it possible to produce a sufficiently high-grade immunity as 
rapidly as possible after the introduction of the antigen, 


Amorg the recent studies dedicated to the study of the problem referred to, It ls necessary to mention the 
investigations of Lemetayer, Raynaud and others [11J, showing that by the injection of large doses of toxoid It is 
possible to build up specific resistance in animals, not previously exposed to immunization, almost immediately 
after the injection of the toxoid, The resulting tnsusceptibility ts to be explained, not by the formation of antl- 
bodies, but rather to a blocking action of the toxoid itself, Similar observations were made by Krech (10). 


In 1955, Ramon, Lemetayer and Borcila [16] showed that the dally injection of fractional doses of toxoid 
& 7 times a day could call forth antitoxin in the blood of guinea pigs on the 11th- 15th day; it proved most ef- 
fective to inject the toxold always in the same place, 


In the investigations previously carricd out in our laboratory [1] it was shown that by fractional injection of 
tetanus toxold at intervals ducing the course cf a day it is possitle to build up a definite resistance to tetanus 
toxin by the 12th day after immunization, For this the optimal schedule appeared to be 9 injections at 3 hour 
intervals all in tie same place, 


On the other hand, however, Kovtunovich [7], making use of the other immunizing programs, in experiments 
on mice cout!d not demonstrate the development of early resistance to tetanus toxin, 


Recently immunization with adsorbed toxoid has enjoyed widespread use. In comparison with present me 
thods this procedure possesses a series of advantages, 


However, a number of questions concerning the pecu!farities of the increase in grade of immunity have 
even yet been little Investigated. In particular, the question of the possibility of increase in degree of immunity 
as soon as possible By use of adsorbed toxoid has hardly been studied, 


All accounts prompted us to compare the effectiveness of Initial immunization, keeping in mind the grade of 
immunity and the time of its development, for various schedules and methods of employment of toxoid, During 
this work we studied timmuntization, not only against tetanus, which presented itself as a model in the above 
mentioned investigations, but also against gas gangrene, 
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The work was carcied out on white rats. There were studied fluid tetanus toxoid and toxoid absorbed on 
aluminum hydroxide, purified tetanus toxotd, and CL perfringens toxold, ro test the residance of the aniinals 
we employed tetanus toxin andCl perfringens toxin, ATL preparations were obtained from the Anacrobic Divi- 
sion of ITM AMN USSR® Clostitute for Pxperimental Medicine of the USS Acade my of Medical Sctences), 
In the first series of experiments crude tetanus toxin, series No, 396, was used, It contained about 60-70 - 
combining umits(CU) in bint, We injeeted the toxoid onee into the left hind leg of the animals of the first 
group; into the animals of the scceond group we injected the toxotd fractionally (9 times), always in the same 7 4 
place, at % hour intervals, in the course of the day (indicated as optimum by the schedule of *most rapid im- 7 
munization® already described; into the ammeals of the third group we made a single injection of the same dose : 
of toxoid, adsorbed on aluminum hydroxide C5 img Al,O, to Tomi toxin; the toxoid was completely adsorbed), 
To clucidate the question of the significance of different modes of administration of the toxoid, in all three 
groups we injected some animals subeutancously and some intramuscularly, We estimated the effectiveness of 
the immunization by the resistance of the animals, which we challenged on the Lath day by the injection of ’ 
2.5 MLD of toxininto the muscles of the extremity opposite the one used previeusly (right foot), 
TABLE 1 
Resistance of Rats to Tetanus Toxin after Lmmunization with Crude Tetanus Toxoid Series No, 336 Followiag 
Various Methods of Employing Toxoid 
No, |Mode of No. of Toxic Mean Survival Time 
of Program of Immunization] Fimploying| Animals Died jof Animals which 
Group Toxoid in Experiment Succumbed (in days) 
1 Single injection of 1 ml | cularly| 15 7 2.7 
fluid toxoid Subcut arn 
2. Fractional injection of L | tntranus 
ml fluid toxoid (9 injec cularl 14 1 __4.0 
tions every 3 hours, first 
0.2 ml, remainder, 0.1 | Subcutan 
ml cously | 15 13 1 3.0 
Intramus | 
3 Single injection of Lmt | cularl 15 0 0 | 
adsorbed toxoid Subcutan- 
cous! 15 0 - 
| 
Control (no toxoid injec- 15 15 15 2.4 
ted) 


As is seen from Table 1, in which the results of the experiment are presented, a single injection of fluid 
toxoid showed itself to be the Icast effective; fractional injection of toxoid gave better results. Lmmunization 
with adsorbed toxoid showed itself to be the most effective— in this case the animals not only did not succumb, 
but did not show signs of tetanus intoxication, From the table it is also evident that essentially no difference in 
effectiveness of immunization was observed between subcutaneous and intramuscular injection, 


Therefore, even the first experiments employing the different programs of iminunization referred to, using 
crude tetanus toxoid, showed that up to the 12th day the most long-lasting iminunity is produced by immuniza- 
tion with adsorbed toxoid. 


In the following part of the work it was attempted to throw light on the question of the rapidity of develop- 
ment of immunity after the first injection, For compatison two basic schedules of immunization were chosen 


¢ We take this occasion to than Prof, G, V. Vygodchikov and coworkers of the Anacrobic Division of the IEM 
AMN USSR for presenting us with the preparations referred to. : 
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which had given positive results inthe preceeding cxpertment: fractional injection of native toxoid of settles 
No, 3:6 according to the optimal «chedule of the rapid method (9 times per day at in ervals of 3 hours), and a 
single injection of the same dose = contoining 65 CU of toxoid, adsorbed on hydroxide (5 mg 
to 1 ml toxoid; complete adsorption of toxoid), As before, we used subcutaneous and intramuscular injece 
tion of the preparation, We tested the resistance of the animals to 2.5 MLD of toxin at various tiines after im- 


munization, 
: As: can be seen from Figure 1, with fractional injection of tetanns toxoid an inescase in resistance in part of 
the rats was recorded froin the &h day after immmeanization, However inthis case all animals suffered from tetas 
4 nus and more than half of them succumbed ina relatively short time, By the loth day the resistance had itr 
Fe creased somewhat, and on challenge on the (2th day only single rats succumbed, but all suffered from tetanus, 
Day *fterInanunization when Challenged 
“os 2 ‘ ‘ 0 
a Fractional Injection of Fluid Toxoid 
Sub- 
4 cuta- 
neously 
4 
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Fig. 1. Rapidity of development of immunity after fractional injection 
of fluid and single fujection of adsorbed tetanus toxoid, 

Meaning of Symbols: each division of a bar corresponds to 1 animal; 
1) animals with toxic reaction, 2 animals succumbing. Unshaded divi- 
sions, unaffected animals. Figures beneath bars, number of animals 
dying and with toxic reaction, Figures beside bars mean life of animals 
which succumbed (in days). 


Following immunization with adsorbed toxoid the resistance of the animals was already clearly expressed 
(only single rats succumbed, on the 10th day not a single rat succumbed and several animals did not suffer from 
tetanus, and on the 12h day the resistance was such that all animals remained unaffected after receiving the 

toxin, 
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5 
4 Thus after immunization by fractional injection of toxoid the resistance of the animals develops significantly 
i more slowly than following tmuinunization by a single injection of adsorbed toxoid, and ou the L2th day at is ap 
j proximately equal to that observed on the 8th day in animals receiving the adsorbed toxoid. we judge by the 
F. degree of immunity, the speed of tts development following iinmunization with adsorbed toxoid under the above- 
} mentioned conditions of the experiment was about UZ higher than following fractional injection of the toxoid, 
g From Figure 1 it can also be seen that there is no substantial difference in the effectiveness of immunization, i 
: in its degree of in the time of its development, following subcutaneous and intramuscular injection of the toxoid. tay 
Further investigations showed that the development of resistance in the animals comparatively soon after 7 


immunization with adsorbed toxoid was explained by the development of active immunity with antitetanus anti- 
toxin in the blood, On the 10th day after the injection of the toxoid there could be demonstrated to be present 
in the blood of the rats autitoxin with a titer of the order of 0,025-0,05 AU, and on the 12th day, 0.1 AU. At the 
same time following inimunization by fractional injection even on the 12h day the titer of antitoxin did not ex- 
ceed 0,005 AU. Therefore, even in respect to the actual titer of antitoxin, immunization with adsorbed toxoid 

is better than immunization by fractional injection of fluid toxoid; afterwards the time of appearance of anti- 
wxin in the blood coincides with the above- mentioned time of development of resistance in the animals, 


Thus the material accumulatwd attests the primary imnunization against tetanus with tetanus toxoid adsorbed 
on aluminum hydroxide is definitely more effective than other methods of immunization tried, among them 
immunization by fractional injection of toxoid, which was characterized in its time as "rapid immunization® 
Considering the data it is clear that this designation for fractional injection of toxoid, cannot be justified since im- 
munization with adkarbed toxoid builds up not only a more pronounced, but an earlier immunity, Recently G. V. 
Vygodchikoy and coworkers (4) read a communication on the possibility of producing immunity in rabbiis a rela- 
tively short time after the initial immunization with adsorbed tctanus toxoid, 


Having obtained the data presented from a study of immunization against tetanus, we carried out analogous 
investigations on immunization against gas gangrene. Various schedules of immunization were investigation, 
among them fractional injection, both of crude and of purified concentrated perfringens toxcid, 


In Table 2 are presented the data on immunization of rats with crude toxoid, As can be seen from the table, 
the best results were obtained when adsorbed toxoid was used, 


tlowever the crude toxoid used contained a very moderate number of combining units (about 2 CU in 1m), 
and therefore, before drawing final conclusions, the following experiments were set up, using purified concentra- 
ted toxoid, in 1 ml of which there was about 40 CU, 


As can be seen froin Table 3, in which the results of these experiments are presented, of all the methods of 
immunization, only the use of adsorbed toxoid stimulated the production of clear-cut imumunity, Fractional im 
jection of fluid toxoid, whether at intervals of 1 hour or at intervals of 3 hours, proved completely ineffective, 
As in the case of immunization against tetanus, it was impossible to note any definite difference in the grade ef 
immunity following subcutaneous and intramuscular injection of adsorbed toxoid, 


Thus, in immunization against gas gangrene, even more Clearly than in immunization against tetanus, the 
use of adsorbed toxoid ranks before the other methods of immunization tried, among these, before, the method 
of fractional injection of toxoid showed itself to be coinpletely ineffective under the conditions of the experi- 


ment, 


In the following series of experiment there was studied the rapidity of development of ininunity to perfrir 
gens toxin after a single immunization with adsorbed toxoid, We tested the resistance of the animals in the 
early stages, beginning with the 6th day after the intramuscular injection of 0,5 ml of purified concentrated 
toxoid (20 CU), adsorbed on aluminum hydroxide (5 mg Al,O; to 1 mi toxoid), 


As can be seco from from Figure 2, pronounced resistance of the animals was observed even on the &th day 
after immunization, We cannot refrain from calling attention to the fact that the results of these experiments 
agree with the data of the analogous experiments on immunization against tetanus, There and here we observe 
the abrupt development of pronounced resistance on the 8th day after inmmunization with adsorbed toxoid, These 
data allow one to suppose that in both cases under the conditions of the experiments described we are evidently 


encountering one and the saine principle of immunogenesis, 


— 
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TABLE 2 


Effectiveness of Immunization with Crude Toxotd of Chperfringens Employed tn Different 
Ways 


Mode of injec{ No, of ex- 
tion of Antigen partnesnal Died 
Anima 


Single Injection of 2.0 ml fluid Intramuscular- 15 15 
toxoid ly 
2 | Three 1,0 ml injections of Muid » iS 12 
toxoids at intervals of 10 days 
Three 1,0 ml injections of fluid > 15 9 
toxoids at intervals of 5 days j 
4 Fractional injection of 2.0 ml fluid . 10 10 
oxoid (5 injections at intervals of 
4 hour, First injection 0.8 ml. 
Others 0.3 ml each, 
5 | Fractional of 2,0 ml fluid ts 15 
toxoid (10 injections of 0.2 ml each 
at intervals of 3 hours) 
6 | Fractional injection of 2.0 ml fluid . 15 15 
toxoid (10 iniections of 0.2 ml 
each at intervals of 1 hour) 
7 | Single injection of 1.0 mi adsorbed . 15 8 
toxoid 
Single injection of 1.0 mi of Adsorb- 0 
ed toxoid 
15 15 


In the last series of experiments there were compared the effectiveness of the immunizing action of purified 
and crude toxoid, given in the same dose (in CU), but according to different inimunization schedules. These ex- 
periments were designed to obtain some data which might bring us closer to an understanding of the mechanism 
of action of toxoid under the conditions studied, 


The experiments were set up with tetanus toxvid, The dose chosen contained 60 CU. We did not dilute the 
crude toxoid corresponding to this, but diluted the purified and concentrated toxoid 25 times, In all cases we 
injected the toxoid intramuscularly, 


As can be scen from Fig. 3, the crude toxoid, used in the same dose as the purified, whether as a single in- 
jection or as fractional injection, shows a more pronounced immunizing effect. This is reflected in the numbers 
of animals suffering from tetanus and the numbers of those which died following the injection of toxin at various 
times after immunization (8th day, 10th day, 12th day) and also in the average survival time of the animals which 
succumbed, When the same toxoid was used, but adsorbed on aluminum hydroxide (the degree of adsorption was 
complete in both cases), the above- mentioned differences in immunizing effect were not observed, 


Analogous data on the diminution in immunizing properties of toxoid on purification were obtained pre 
viously by other authors [9, 8, 2]. On the basis of this Ramon [14] did not recommend purified toxoid for prac- 
tical purposes, 
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TABLE 3 


in Various Ways 


Schedule of inmunization Rei yen of Antigen 
8 


‘Liquid toxoid 


Single injection 


Mode of injection 


Effectiveness of with Purified Concentrated Perftingens Toxold Employed 


No. of 
experim, Died 
animals 
Antramuscularly ay |» 20 


Subcutancously ly | 19 
2 [Fractional injection (5 iniec- 1 Intramuscularly e 20 4 18 
tions of 0,2 ml each at inter- ee 
vals of 1 hour) | Subcutaneously neously | 20° 20 | 18 
3 Fractional injection (10 iniec - 1 Intramuscularly 15 15 
tions of G.1 ml each at inter- 
vals of 3 hours) 
Absorted toxoid 
4 |Single injection 0,25 | intramuscularly 20 | 4 
Subcutancously | 20 | 2 
5 | Single injection 0,5 |Intramuscularly | 15 | I 
Subcutaneously | 15 | ! 
Subcutaneously | 20 | 1 
7 jControl | | 15 | 5 


Day: after inmunization when challenced 


co 


times after immunization with adsorbed toxoid, 


Fig. 2. Resistance of animals to perfringens toxin at different 


preening ot Symbols: each division of the bars corresponds to 


1 anima 
of animals dying. 


1) survived, 2 died. Figures beneath bars, numbers 
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Contequently, crude toxold contains a serics of substances which act not only as ballast but setve also to In 
tensify immunogenesis, It Is possible that in crude toxoid, along with substances which really act merely as bal- 
last and deleterious substances, there are substances promoting the immunogenic action, 


mmunization W 


Schedule of inenunization challenged 


Single injection of 
fluid toxoid 


Fractional injection of 
fluid toxoid 


Purified 


Single injection of 
adsorbed toxoid 


Purified 


Fig. 3. Effectiveness of immunization against tetanus, using crude and purified 
toxoid in various ways, 
Meaning of Symbols: same as in Fig. 1. 


The data obtalned can also be interpreted from the point of view of the significance of local reactivity of 
altered tissues and their lymphatic apparatus as influenced by the antigen, Various impurities in the toxoid may 
intensify the suggested inflammatory change and thus promote immunogenesis, It is evident that the better im- 
munizing effect of repeated fractional injection of tetanus toxoid into the same place (what is called rapid im- 
munization), compared with a single injection, depends to a significant extent upon the development of a local 
inflammatory reaction, It is just in this direction that Ramon's process turns one's thinking. Such a mechanism 
also hag definite significance in the use of adsorbed preparations, which always call forth an inflammatory reaction 
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at the point of infection, However not all inflammatory reactions, nor inflaminstion in general, least of all the 
physiological component of an inflammatory reaction, ploy a positive role, Thus, on the fractional tujection of 
gangrene toxoid, which because of the strength of the residual toxichty provokes an extensive and severe destruce 
tive inflammatory change, immuifity, as already shown, does not arise, On the fractional injection of tetanus 
toxoid the local inflammatory change is significantly more weakly expressed, while immunity is more pronoun 
ced, Finally, when adsorbed toxoid is used the inflammatory changes may be expressed even more weakly, but 
the immunity proves to be more pronounced, Analogous observations were made by other authors also, studying 
local changes resulting from various methods of immunization, including adsorbed toxoid (3, 2). Ramon and co- 
workers (13, 16} also showed that vot all inflammation promotes immunogenesis, 


It occurs to us that the significance of adsorption is not restricted to the fact that it brings about slower in- 
troduction of the antigen (and connected with this the optimal conditions for the action of the over-all mechanism 
of the antigenic action, which has, as is well-known, an important significance for the stimulation of immuno- 
genesis (5, 6)), and nor restricted to the fact that adsorbant. as an additional stimulant promote the development 
of reactive changes, but evidently also resides in the fact that adsorbants alter the physicochemical state of the 
antigen, its corpuscular structure, Similar conceptions have been expressed by other authors (17, 12}. It is pos 
sible that some of the inpurities in crude toxoid may also play an analogous role. 


SUMMARY 


Experiments with white rats showed that a single injection of purified or crude tetanus toxoid adsorbed on 
aluminum hydroxide produces earlier immunity than fluid toxoid injected in various ways, including fractional 
injection at intervals in the course of a day. 


Immunization against Cl. perfringens (C1, welchii) was effective only when adsorbed toxoid was used, resis- 
tance developing relatively early (on the eighth day), Other methods of immunization, either with crude or 
purified toxoid, were not effective, The rapidity of development and the degree of immunity, both to tetanus 
and to gangrene, did not depend upon whether the antiges were injected intramuscularly or subcutaneously. 


Purified tetanus toxoid without adsorbant was less effective than the same dose of crude toxoid. 
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EXPERIMENTAL BIOLOGY 


THE EFFECT OF FUNCTIONAL LOADING ON LIVER 
REGENERATION IN RATS 


B. P. Solopaev 


From the Laboratory of Growth and Develpiment (Head- Prof, Ma, A. Vorontsova), 
Institute of Experimental Biology (Director Prof, 1. N. Maisky), USSR Academy 
of Medical Sciences, Moscow 


(Received January 24, 1957. Presented by Prof, N. N. Zhukov-Verezhnikov, Active Member of the USSR 
Academy of Medical Sciences) 


Although the morphological changes which occur during mamalian liver regeneration have been well studied, 
the functional condition of the liver during the regeneration process and the influence of the liver function on 
liver regeneration have not yet been sufficiently investigated, As well as being of general biological interest, 
these questions are extremely important to medicine, especially surgery. 


With the question of how the functional condition of the liver influences the intensity of regeneration, we 
started from a proposition expressed by M. A. Vorontsova and L, D, Liozner (1), according to which, there is a 
close connection between physiological aad reparative regeneration, Processes restoring the structural elements 
of each organ, i.c., physiological regeneration, occur as a result of the organ's functional operation, These re- 
generative processes, which occur in the normal conditions of the animal's life, constitute the original background 
on which the processes of reparative regeneration occur, One can therefore assume that intensification of the or- 
ganic function, which causes intensification of physiological regeneration, would also affect reparative regenera- 
tion, The almost complete lack of data covering this important aspect of research caused us to conduct experi- 
ments which would throw some light on this relationship. How different degrees of functional loading affected 
liver regeneration was a question that interested us particularly, For this pufpose, we made experimental tests 
to find whether the bile- secreting function of the liver increased or decreased by using choleretic substances and 
selecting a corresponding diet, Although there are a series of works in the literature studying the influence of 
different diets on liver regeneration in mammals (Opie and Alford (6), Davis and Whipple (4), Moise and Smith 
(5), Brues, Drury and Brues (3), and Podzolkov [2}), the data in these works is rather contradictory, Moreover, 
these studies did not treat the question of how liver function influences liver regeneration and thus did not have 
direct bearing on the problem which interested us, 


Our experiments were conducted on white rats, 
The plan of the experimental setup is illustrated in Table 1. 


The experimental animals were divided into three groups. The first group of rats (30 animals) were kept on 
a choleretic diet, The rats were given fresh dog's bile daily as the choleretic substance, In addition, the diet 
consisted principally of food substances causing strong bilification, 


The second group of rats (30 animals) received a sparing bilification diet, which principally consisted of 
food substances causing weak bilification, 


The third group (30 animals) was fed a normal diet. 


After being fed the indicated diets for 3 days, the animals of all three groups were operated upon to remove 
the large, left liver lobe, The average weight of the extirpated lobe was 2g. Since the average weight of the 
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liver was 9g, approximately 1), -1), of the liver was removed, 


After the operation, the animals contlined on their respective diets (choleretic, sparing and norma), 


TABLE 1 


Experimental rats | Control rats 


Time of fixation 


Day of operation... . . | | | 10 
: 1 day after operation ems | 10 10 | 10 | | | : 
7 days after operation | 10 | 10 | 10 | | | 3 
4 14 days after operation oe | io | 10 | 10 | 10 | 10 | 1 
q Total number of rats | 30 | w» | w | 10 | 10 | 20 


The animals were killed 1 hour, 1 week and 2 weeks after the operation (10 rats from each group were killed 
at each of these times). 


The material was fixed in Carnoy's, Helly's and Zenker's fluids and in formalin, The material was processed 
for glycogen and fat, and the preparation was stained with hematoxylin eosin, by Mallory's method and by Van 
Gieson's method, 


The group of rats which had been fed a normal dict, but had also had the liver partially removed, served as 
the control in the examination of the effect of the choleretic and sparing diets on liver regencration, 


In addition, 10 rats were killed before the operation (initial control) and 10 rats at the end of the experi- 
ment ( final control). 


Supplementary controls were used in order to distinguish the effects of the diets on the liver condition and 
on the course of the regeneration process in the liver; rats which had not had the operation but had been fed the 
choleretic diet (10 animals) served as the control for the choleretic diet, and rats which had not had the opera- 
tion but had been fed the sparing diet (10 animals) served as the control for the sparing diet. The animals of 
these two controls groups were killed at the same time as the experimental rats, 2 weeks after the operation. 


We determined the weight of the rats before the operation, the weight of the extirpated portion of the liver, 
the weight of the rat when killed and the weight of the liver at the time the rat was killed, The relative weight 
of the extirpated portion of the liver to the weight of the body and the relative weight of the liver to the weight 
of the body were also computed. The material was processed statistically. The data obtained is summarized in 
Table 2 and graphically presented in Figures 1-3, 


As Table 2 shows, the weight of the remaining part of the liver sharply increased in the rats of all groups 
as early as a day after the liver lobe had been resected, Although a rather large number of mitoses was obser- 
ved in the hepatic cells at this time, it did not seem possible after such a short time that the liver weight had 
increased only because of the increased number of hepatic cells. It seemed more likely that this liver weight 
increase was connected with the reaction processes, At this time, histological study showed, along with the ne- 
crotic changes in the injured surface region of the liver, a profuse infiltration of large drops of fat, most clearly 
expressed around the periphery of the small lobes and change in glycogen distribution, which was shown by the 
fact that while some of the hepatic cells had lost their glycogen, others, which did contain it, were almost com- 
pletely clogged with it. 


One week after the operation, the weight of the regenerating liver was substantially different in the different 
groups of experimental rats, For example, in the rats kept on a choleretic diet, the weight of the regenerating 
liver exceeded the weight of the normal liver, while, in the animals fed the control diet, the weight of the liver 
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was less than the weight of the liver a day after the operation, The liver weight In the rats fed the sparing diet 
was about the same as it had been one day after the operation, The decrease tn the liver weight 1 week after 
the operation, as compared with the first days after the operation, which was observed in the rats kept on the 
control diet confirmed our proposition that the increase in the liver weight the first day after the operation was 
due to a reaction, That liver regeneration coutinued during this period was indicated by the still rather large 
nuinber of mitoses, while the inflammatory phenomena connected with the trauma were already abating. The 
drops of fat infiltrating the hepatic cells became small and the infiltration less marked, Staining for glycogen 
showed a picture approximating that in the control animals, 


TABLE 2 


Liver Regeneration in Experimental and Coutrol Rats 
| Average rel, 
Average | wt. of liver to 
Series postop, |fatsw wt.body when 
74 wt.of rats) filled killed(in %) 
Experiment, normal diet 
a 1 day after operation nes 197 193 8.0 4.5 
Fs 1 weak after operation ae 193 7,2 3.6 
4 2 wecks after operation ee 196 189 9.5 5.0 
3 Experiment, sparing diet 
a 1 day after operation 203 197 8.3 4. 
* 1 week after operation 204 205 8.3 4.0 
| a 2 weeks after operation 194 202 9.8 4.8 
Control. Sparingdiet ..... 
a 
a Experiment, chloretic dict 
q 1 day after operation ee 195 186 7.8 4.1 
1 week after operation 202 173 9,2 $.2 
i 2 weeks after operation 0.4 5.0 
a Control, chloretic diet 
4 Two weeks after the operation, the weight of the regenerating liver in the rats fed the control and sparing 
a diets became slightly greater than the liver weight in the rats of the intial and final controls, After the same 
4 period, only the absolute weight of the liver had increased in the rats fed the choleretic diet. This is explained 7 7 
3 by the fact that the whole body of the rat had grown rather considerably by the second week after the operation, : 
“ Two weeks after the operation, the weight of the regenerating liver in all three groups of the rats exceeded 
the original weight. 
3 During the period of the greatest increase in the weight of the regenerating liver, the body weight of the "is 
¥ rats decreased; this was especially evident in the rats fed the choleretic diet. fos 
3 One can assume from the results of the histological examinations made of the regenerating liver of the rats ae 
4 that the restoration is realized by regenerative hypertrophy. “—S 
4 The intense regeneration in the liver of rats fed the choleretic dict is evidently connected with the more : 
q rapid divisions of the cells; we cannot, however, prove this completely satisfactorily since there was no detailed 
% study of hepatic cell mitotic activity in our work. 
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Our data, then, showed that the functional condition of the liver docs affect ver regeneration, — En- 

hanced functional load created by feeding the rats the choleretic dict caused the weight of the regenerating liver 

to exceed the weight of the normal liver as soon as the end of the first week after the operation, Therefore, liver 

regeneration is intensified by an enhanced functional load, 
That imense, regenerative hypertrophy did in fact occur 
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ae & P was shown by the increase in the liver weight and by the 
4 2 fact that the regenerated liver had a normal structure, 
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a Afterlday 1 week; 2weeks; Time after oper- ~ 
ation 
6 chloretic dict 
7 normal dict 2 
8 sparin 
paring dict 
v relative wt. of liver to body we, = 
(in %) in normal conditions 3000 
After 1 day lweek; 2weeks; Time after operation 


Fig. 2. Chatige in relative weight of rat's liver dur- 
ing regeneration, 1) choleretic diet; 2) normal 


Fig. 1. Change in absolute liver weight of rats 
during the regeneration process, 1) choleretic 


4 diet; 2 normal diet; 3) sparing diet; 4) aver- diet; 3) sparing diet; 4) relative weight of liver 
" age weight of liver in the control rats, to body weight in the norm (in Q. 


The latter proves that the liver weight Increase observed was not caused by any pathological processes, Since 
in no case did we find abnormal growths of hepatic cells, in our experiments, liver regencration was apparently 
caused both by hepatic cell divisions and by organization in the lobules, The cells of the bile ducts did not take 
any important part in the regeneration process, Only in two cases did we observe abundant growth, similar to 
adenomatous nodes, in the bile ducts, 


SUMMARY 


3 Ninety albino rats with the large left liver lobe extirpated were sustained on various diets (control, sparing 
% and choleretic), In rats fed a choleretic diet regencration of the liver was most complete, Inonm week after the 
ae operation the initial relative weight of the liver was already restored, while in the other groups restoration took 


place only after two weeks, 


Restoration of the weight of the liver was due to an increase in the number of liver cells, 


Thus, an enhanced functional load of the liver stimulates its regeneration, 
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FUNCTIONAL AND STRUCTURAL CHANGES IN THE OVARIES OF 
, 1 RATS FED A WELL-BALANCED DIET AFTER BEING KEPT ON A 
4 PROTEIN-DEFICIENT DIET 
Z. A. Ryabinina 
] From the Laboratory of Growth and Development (Head, Prof. L. D. Liozner), the Institute 
of Fxperimental Biology (Director- Prof, 1. N. Maisky), USSR Academy of Medical Sciences, 
A Muscow 
4 (Received September 21, 1956. Presented by Prof, N. N, Zhukov-Vecrezhnikov, Active Member 
4 of the USSR Academy of Medical Sciences) 
a It has recently been established that the normal function of the ovaries is easily disturbed by different unm 
: favorable influences on the body —by the toxic effect of various poisons (1, 4), during infectious diseases [2, 8), 
A by the action of roenyrnrays (9, 3], or by deficient or unbalanced dicts, 
. Chronic starvation (partial or protein) delays sexual maturation in young animals (6, 7, 10) and suspends 
4 sexual development in adult animals (11). 
P Some authors have observed atresia intensification in the ovaries of starved animals and considerable com 
4 nective tissue growth (7, 12, 13) as well as functional disturbance of the gonads. 
4 However, the dyanmics of the destructive changes occurring in the ovary during long protein starvation and 7 
the question of whether the disturbed function and structure of the ovary can be restored especially have not yet 
been sufficiently investigated, In an earlier paper [5], we established that long protein starvation causes the 
ovaries to decrease in weight and their function and structure to be disturbed, 
q This work presents data concerning the changes observed in the ovaries of animals which were fed a balar 
ced dict after long protein starvation, 
4 EXPERIMENTAL METHODS 
“4 The experimental animals were fed synthetic diets— the control dict, with a 19.5% protein content and the * 
a experimental, with a 1.5%, protein content, The fat, vitamin and mineral contents were the same in both dicts. 
7 The experiments were done on sexually iminature (45-55 g) and sexually mature (140-156 g) rats, . 
7 The immature rats were fed a protein deficient dict for 45-64 days, during which time they lost 29-37% in 
4 weight. The mature rats were kept on the dict with the 1.5% protein content for 90-135 days. During this period, 
their weight decreased 35-53%, 
y After long protcin starvation, some of the animals from each group were transferred to the control dict (19.5% Fs 
a protein), The immature rats were sacrificed on the 4th, 7th, 14th and 17th days of the balanced diet and the ma- 
ture, on the 14th and 50th days, 
All of the animals were sacrificed during the inactive phase of the sexual cycle, The ovaries were weighed | 
in torsion scales and fixed in Zenker-formol fluid, The material was tiuibeddedin paraffin, A series of sections a : 
a 8 microns thick were prepared, The preparations were stained with hematoxylin cosin, The ovarian structural 
4 components were counted in every fifth section (primordial follicles, follicles at different stages of maturity, “e 
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atretic follicles, corpora lutea and follicles with destroyed oocytes), 


The results of the computations and the data on the relative weight of the ovaries were processed statistically, 


EXPERIMENTAL RESULTS | 


The absolute weight of the ovaries in all the rats fed the control dict after long protein starvation was greater 
than the weight of the ovaries in the starved animals (Tables 1 and 2, 


The relative weight of the ovaries in the immature rats increased during the first 47 days of the balanced 
dict, then decreased and became even somewhat less than the relative weight of the gonad in the animals before 
protein starvation (Table 1). During this period, apparently, the growth processes proceeded very vigorously in 
the young animals, and the growth of the body considerably outstripped the growth of the ovary, 


In the mature rats, depending on how long they had been fed the balanced diet, a progressive increase of 
both the absolute and relative weight of the ovaries was observed (Table 2). 


In the finmature rat group, the animals had still not reached sexual maturity by the 17th day of observation. 
After protein starvation, a few of the immature rats were left on the control dict for a 4-month period, After 
this period, not only did estrus appear, but the rats were capable of propagation, 


In the mature rats fed the control dict after long protein starvation, the normal function of the ovaries was 
not restured immediately; the first estrus appeared on the 22nd- 24th days, The tnactive period between the 
first and the second estrus was longer than the ensuing ones, being 7 days in some rats, 12 in others, Then the 
normal sexual cycle was restored and repeated at the same intervals as in the animals kept on the control diet 


(see Figure),. 


OO 0 120 90 SE 160 170 
length of experiment (in days) 


Sexual cycle of white rats under different conditions of 
protein feeding, a) control (dict with 19.57, protein); 
b) experiment (diet with 1.5% protein); c) restoration 
(diet with 19.5". nretein); estrus; 2— diestrus, 

The results obtained from counting the structural components in the ovaries of the immature rats put on a 
balanced dict after protein starvation are given in Table 1, For the first 4 days of the balanced dict, there were 
no sutstantial changes in the number of ovarian structural components, The primordial follicles ard follicles 
with destroyed oocytes were exceptions, as there were slightly more of them per section in the starved animals 
than in the rats.on the control dict; the difference in the number of maturing and atretic follicles were not veri- 
fied statistically, 

The average number of maturing follicles did not change noticeably when the animals were kept on the 
control diet for a longer period (14-17 days), After 14-17 days of the balanced diet, the decreased number of 
atretic follicles and follicics with destroyed oocytes indicated that atresia was less intense, We were especially 
interested by the fact that the number of primordial follicles was greater in the ovaries of rats kept 14-17 days 
on the balanced dict than in the ovaries of rats kept only 4 days on this dict. 
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New primordial follicles evidently form tn the ovaries of animals put on the coutcol diet after long protei 
starvation, 


In the nyature animals, on the J4th day after their transfer to the protein rich diet, no statistically verifiable 
differences in the average wumber of primordial follicles and corpora lutea could be discovered, as compared with 
that found in the ovaries of the starved rats (Tabie 2. The increased munber of maturing follicles could be com 
nected either with the decreased number of follicles undergoing regressive development or with the intensificas 
tion of their differentiation from the primordial follicles, The decreased number of atretic follicles and particue 
larly of the follicles with destroyed oocytes indicates the diminished intensity of atresia in the ovaries of the 
animals after 14 days of the balanced dict, 


After 50 days of the balanced dict, there were considerably less primordial and atretic follicles, as well as 
less follicles with destroyed oocytes, in the rat ovaries than in those of the rats fed the protein deficient dict. 
The average amount of maturing follicles, however, increased (see Table 2, Consequently, after 50 days of the 
balanced dict, the differentiation process became intensified in the ovaries of the animals, 


The change in the interrelation of structural components in the ovaries of the mature rats, after their trans 
fer to the balanced diet, was about the same as in the immature rats, In both cases, atresia lessened, and the 
absolute number of primordial follicles increased, The latter was evidenced by te fact that the amount of primor- 
dial follicles per section was approximately the same as in the ovaries of the starved rats, whereas the weight and 
size of the ovaries, and consequently the number of ovarian sections, was considerably greater in the rats kept on 
the control dict, 


On the basis of the research conducted, we concluded that the processes of growth and follicular differentia- 
tion are resumed in the ovarics of rats transferred to a balanced dict after long protein starvation; in mature 
rats, the follicles mature through ovulation, and new corpora lutea appear, The norimal function and structure of 
the ovaries is restored, 


SUMMARY 

Sexually mature and immature rats kept for a long time on a diet deficient in protein (1.5% protein) were 
fed a control diet of 19.5) protein content, The functions, relative and absolute weight of the ovaries were re 
stored, The microscopic structure of the organ was restored, likewise the growth processes and follicular differen 
tiation were resumed, In comparison with the period of dificiency the number of oocytes markedly increased, 
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A knowledge of the age dynamics of pigmentation, which has certainly not been sufficiently investigated 
yet, is needed to evaluate the role of lipofuscin, The majority of the existing works (6, 7) do not give a quanti- 
tative analysis of the age changes in pigmentation and do not show the procedural features of the processes during 
the successive periods of individual developmem, The results of researches (8-10) using the quantitative method 
are very contradictory. 


; 4 AGE CHANGES IN THE LIPOFUSCIN CONTENT OF THE HUMAN Bi 
HEART MUSCLE 
T. N. Ulissova 
From the Departinent of General Biology (Head Prof. F, F. Talysin, Corres 
j ponding Member of the USSR Academy of Medical Sciences), the I. M. een 
; Sechenov, Order of Lenin, 1st Moscow Medical Institute (Director- Prof. 
V. V. Kovanov) 
a (Received September 29, 1956. Presented by V. A.Engelhardt, Active Member of | 
4 the USSR Academy of Medical Sciences) bk 
q The question of the role and deposition conditions of lipofuscin has not yet been solved, 
: The most widespread opinion is that regarding lipfuscin as a typical sign of aging [3, 4, 8), as the "slag® of in F 
7 cell metabolism (1, 8]. Pathologicoanatomists, as Vail (2) observed, often relate brown pigmentation of organs 2 E 
. to dystrophic changes, On the other hand, some authors (5, 6, 11] consider lipofuscin to be a substance or struce age 
3 ture of functional- physiological importance, The necessity of reexamining the hypothesis that lipfuscin is an ex- 
, 4 pression of body involution ("old age pigment,” "depreciation pigment") has recently been emphasized in a series 
a of works [2, 6]. 


The purpose of this work was to make the existing data on the age dynamics of brown myocardial pigmenta- 
tion more exact by using an exact method of quantitative lipofuscin determination on the material and processing 
the results statistically, 


EXPERIMENTAL METHODS 


To examine the age dynamics of mvocardial pigmentation, we examined 100 hearts from human cadavers 
of different ages ranging fromm 28-week oldeintryos to 82 year old people. All the material was divided into 10- 
yeat.age groups: from 0 to 9 years, 5 cases; trom 10 to 19, 6 cases; from 20 to 29 years, 21 cases; from 30 to 
39 years, 18 cases, from 40 to 49 years, 18 cases; from 50 to 59 years, 12 cases; from 60 to 69 years, 10 cases 
and from 70 to 79 years and over, 10 cases, 


The lipofuscin content was determined by planometric measurement, 


The pigment content in the myocardium was determined in the following manner, From the anterior wall 
of the left myocardial ventricle, sections were made on a freezing microtome, The stains used were Sudan Il 
and hematoxylin, The sections were imbedded in glycerinated gelatine, With the aid of a drawing apparatus, 
drawings were made of the nuclear contours from the preparations and of the pigment adjoining them, which, in 
the myocardium, was deposited like clearly-defined cones at each pole of the nucleus (see Figure), From each 
heart, the contours of 80 pigment cones and of 40 nuclei were drawn, The area of the drawn cones was measured 
by a planimeter, Then the average area of the perinuclear, pigment cones in each of the experimental myocardia 
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and the average area of lipofuscin deposition for each age group were determined, 
The numerical data obtained were procese:d statistically to verify the established age differences, 


The advantage of this method over those used in previous works (visual comparison of lipofuscin content in 
the sections (3), correlation of number of strongly and weakly pigmented cells (12), linear measurements (8, 9)) 
was that it made it possible to measure the area occupied by the lipofuscin deposits and therefore to obtain exact 
numerical data on the degree of pigmentation in each individual case and in the whole age group, 


Heart Muscle with Lipofuscin Deposits 


EXPERIMENTAL RESULTS 


The following was established from the research conducted, There was no pigment in children up to 9 years 
old; pigment was found in four out of the six hearts examined in the age group 10-19 years, but not in hearts less 
than 12 years old; pigment was found in every case in the other age groups. Therefore, lipofuscin was discovered 
in the myocardium of each cadaver over 12 years old, both in those which had died from trauma and in those 
which had died from various diseases, Since most of the cadavers had been generally healthy people, this com 
firms that the pigmentation is not caused by pathological factors and that it should rather be considered a gene- 
ral physiological rule, since lipofuscin is present in the myocardium after the beginning of the second decade. 


The lipofuscin content was determined in the hearts of the different age groups in order to evaluate the sub- 
sequent course of the pigmentation process (Table 1). 


TABLE 1 
Change in Lipofuscin Content in People of Different Ages 


Group Iv Vv vi vilt 


Age (in years) 10-19 | 20-29 | 30-39 | 40-49 | S0-—S9 | 62-69 | 70-79 


Average area of 
lipofuscin deposit 
(in units of plani- 
metric scale) 


—| 124 200 270 310 317 300 H2 
Fluctuation limits | 117—3H3, 160—339, 203—458, 138—S01 180—410] 204—447 
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As Table 1 shows, the myocardial lipofuscin content Licreases with age, attaining the maximum during old 
age. Great individual variations mic observed within cach age group, often exceeding the average pigment com 
tent in the succeeding age groups, 


In order to have a complete picture of the age dynamics of pigmentation, the intensity of pigment accumu- 
lation at different stages of individual development had to be determined, The absolute increase of the average 
area of the lipofuscin cones in each age group as compared with the preceding group was used as the index, Come- 
paring the increases (Table 2) showed that the most intense accumutation of lipofuscin occurred during the first 
years after its appearance, For example, the average piginent area in Age Group If was 124 units when the highest 
age group's average was 342 units, i.e., Group I was already almost 40% of the average area in Age Group VIII. 
Therefore, the period from 10-19 years was characterized by intense pigmentation, which was also observed in 
Age Groups It and IV, while the intensity of lipofuscin deposition sharply decreased in the succeeding, older age 


groups. 


TABLE 2 


Intensity of Lipofuscin Deposition at Different Ages 


10--19 | 20—29 | 30-39 | 40—49 


Group 
0-9 


Age (in years) 


Increase of lipofuscin 
area (in units of 
planiimetric scale) 


The data obtained indicate that the amount of lipofuscin actually increases with age, but that, contrary to 
present opinion, (3, 8] the greatest intensity of pigment deposition occurs during the first half of life, while pig- 
ment deposition decreases during old age. 


The amount of pigment increases especially during the first years after its appearance, 


The great increase in the amount of lipofuscin during the initial period of individual development and the 
gradual decrease in pigmentation intensity during the subsequent years would seem to contradict the idea of lipo- 
fuscin as an “old age pigment” (3, 4, 8) connected with senile involution, The presence of the pigment cannot 
be considered an index of old age change, since its accumulation occurs primarily during that period of develp- 
ment when the body is still only approaching morphological and functional maturity, The proposition that lipo- 
fuscin is functionally and physiologically important is more probable, The present, widely-held “slag theory* 
(1, 4, 9), which considers the brown pigment to be the useless waste of cell metabolism, accumulating with age, 
is the wrong basis on which to study further the properties and role of lipofuscin, 


SUMMARY 


Ontogenetic dynamics of lipfuscin in the human heart muscle «re studied by the method of planimetric 
measurements, The hearts of one hundred cadavers of the age from 28 weeks up to 82 years were investigated, 
Beginning with the second decade of life lipofuscin is present on the myocardium of every individual, no matter 
what the cause of his death was: an occasional trauma or an infectious disease. Deposition of lipofuscin is most 
intense during the first half of the life span(up to 40 years), most of all, at the beginning of its appearance, Data 
collected indicate-that lipofuscin deposition is a physiological phenomenon and is not caused by aging processes 
of the organism. 
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MORPHOLOGY AND PATHOMORPHOLOGY 
4 THE ADSORPTIVE PROPERTIES OF THE TUNICA VAGINALIS 
4 
3 PROPRIA OF THE TESTIS ; 
E. B. Khaisman 
From the Institute of Normal and Pathological Physiology (Director- Prof. V. N. 
4 Chetnigovsky, Active Member of the USSR Academy of Medical Sciences), USSR i 
Academy of Medical Sciences, Moscow 
(Received December 3, 1956, Presented by Prof. V. N. Chermigovsky, Active Member 
f of the USSR Academy of Medical Sciences) ; 
3 The processes of adsorption from serous cavities have long interested clinicians, physiologists and morpho- 
d logists, Cavity resorption of fluid, crystalloids and colloids, suspensions and normal blood elements — all of these . 


have been the subject of experimental studies and clinical observations, Besides their great theoretical interest, 
their investigation is very important to the needs of practical medicine, Suffice it to say that the development 
of practical methods of treating a whole series of diseases, which are attended by an accumulation of transudate 
and exudate, toxins, bacteria, hemorrhaged blood, etc,, in the serous cavities, depends a good deal on accurate 
information as to the absorptive ability of the corresponding serous membranes in normal and pathological com 
ditions, However, the vast majority of the works treating this subject are concerned with the processes of resorp- 
tion from the peritoneal, pleural and pericardial cavities, The serous cavity of the scrotum and the tunica vagi- 
nalis propria of the testis, which lines this cavity, seem to be beyond these researchers’ field of vision. 


The only works concerning the absorptive properties of the latter membrane were conducted on clinical ma- 
terial and are only incidental, unorganized observations, The authors injected different substances (salts, stains) 
into the cavity of the mentioned serous membrane under hydrocele conditions, and then, for definite time inter- 
vals, traced their appearance in the urine and other excretions, The results of these studies were highly contra- 
dictory, According to some authors (6, 7), resorption from the cavity of the hydrocele sac of the tunica vagina- 
lis propria is extremely intense, while, according to others (2, 5, 8], it is slight or entirely lacking. This differ- 
ence of opinion seems to be explained by the fact that the researchers worked with different forms of testicular 
tunica vaginalis propria hydroceles, but did not take the histopathological changes in the membrane or the length 
of the affection into account, It is even more difficult to form a theory from the results of the observations done 
on the absorption of substances which differed as to diffusion properties and degree of toxicity, They only indi- 
cate that functionally and anatomically damaged testicular membranes are permeable by the given substances, 


Of course, in order to solve the question we have mentioned, information is needed as to the absorptive pro- 
perties of the testicular tunica vaginalis propria under normal physiological conditions, However, to date there 
ha. been no work inthis field. Researchers have not taken advantage of the procedure of extensive research on 
animals, although this would seem to be an important stage in discovering the rules regulating the different as 
pects of resorption from the serous cavity of the human scrotuin. 


According to the literary data, resorption of serous Nuid and various substances suspended or dissolved in the 
serous fluid from the peritoneal, pleural and pericardial cavities is realized by the vascular bed of the corres 
ponding portions of the scrous membrane, It has been established that true and high dispersion colloid solutions 
are absorbed by both the blood and lymph vessels of the serous membrane, but suspensions and low- dispersion 
colloids by only the lymph vessels (1, 3). 
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The purpose of this work was to determine the rote of the blood and lymph vessels in the resorption of the 
above substances from the serous cavity of the testicuhit tunica vaginalis propria, 


EXPERIMENTAL METHODS 


We used dogs, for the most part, as the experiment subjects, A few cats and rabbits were also used, The ex- 
periments were done on healthy, sexually mature males, Three series of experiments were done: 1) on absorp- 
tion of truce solutions; 2 on absorption of colloid solutions and 9%) on absorption of suspensions, fu the first series, 
the indicators used to show the resorption course were light green and orange "G*, in the second, trypan blue, 
and in the third, an India ink or Prussian blue suspension, The staining substances were prepared in a physiologi- 
cal solution of sodium chloride, They were injected into the serous cavity of the scrotum in the following way: 
while the animals were anesthetized, the skin and the underlying layers of the scrotum as far as the testicular 
tunica vaginalis propria were opened with a small, longitudinal incision; the tunica vaginalis was lightly pulled 
away and pierced with a hypodermic needle, The stain was injected imo the cavity with minimal pressure ex- 
erted on the hypodermic plunger, The volume of fluid injected was usually not more than 1-1,5 ce, 


Adsorption of the indicators by the blood vessels of the testicular serous membrane was determined by colo- 
rimetry of the urine® and of blood plasma from the peripheral bloodstream, In the lymph vessels, the index of 
resorption was the presence of the stain in the principal lymph capiliaries of the tunica vaginalis propria, in the 
drainage vessels and in the regional lymph nodes, 


The experiments lasted from a few minutes to 24 hours, The animals were killed after fixed intervals, The 
testicles and the covering layers of the tunica vaginalis propria were fixed in formalin for subsequent histologi- 
cal processing of the material, The regional lymph nodes were also examined, 


EXPERIMENTAL RESULTS 


In the first series of experiments, the crystalloid solutions of the stains injected into the cavity of the dog's 
testicular tunica vaginalis propria (8 experiments with 1% solution of light green injected and 5 experiments 
with a 27, solution of orange "G* injected) began to appear in the urine and blood plasina as early as 8-10 minutes 
after the beginning of the experiment. 


When the serous cavity of the scrotum was opened, the following typical picture of indicator distribution 
along the surface of the testicular tunica vaginalis propria could be seen by the naked eye: intense, diffuse 
staining of the parietal layer on the one hand, and hardly noticeable traces of stain in the visceral Jayer on the 
other (Fig. 1). When the laminar, total preparations of the testicular serous membrane were examined under a 
microscone, absorption of the stains on the connective tissue structures of the parietal layer and completely se- 
lective blood vessel injection of the latter could be clearly seen.- Only a slight staining of the fibrous surface 
laminae could be observed in the visceral layer, When the preparations were processed with solutions of aim 
moniacal silver (according to Goier), it was established that the mesothelial sheath was adequately preserved in 
both layers of the testicular tunica vaginalis propria, 


After longer experimental intervals (18-20 minutes or more), another phenomenon was added to the just des- 
cribed morphological picture: the outgoing lymph vessels of the parietal layer of the testicular inembrane were 
observed tc be injected and the regional lymph nodes (In. medialis) to be stained, becoming increasingly more 
stained as the experimental interval increased, 


Therefore, the results of the experiments injecting true solutions of substances into the cavity of the testicu- 
lar tunica vaginalis propria showed that true solutions are absorbed by both the blood and lymph vessels located 
in the stratum of the parietal layers of this serous membrane. However, absorption was more intense in the blood 
vessel bed, which was indicated by the earlier appearance of the indicators in the peripheral blood and urine than 
in the outgoing lymph vessels, 


In the second series of experiments, a colloid solution of trypan blue (1-27) was injected into the studied 
serous cavity. Dogs were used as the experimental subjects, Colorimetric analysis, lasting as long as 4 hours, of 


For this, a fistula was induced in the eviscerated bladder, and then the bladder was replaced into the cel- 
jac cavity, The bladder contents were removed at fixed intervals with a micropipette, 
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negative results in all of the 11 experiments, However, we found the stain in the outgoing lymph vessels of the 
tunica vaginalis propria parietal layer and in the regional lymph nodes(In, medialis) as early as 1'/¢ 2 hours after 
its injection into the cavity, When the testicular tunica vaginalis propria was exposed, the same phenomenon 

that appeared in the experiments with crystailoid absorption was observed; i.e., selective absorption, in which, 

the parietal layer was definitely stained while the visceral layer was almost unchanged in color, When the pel- 
licular preparations were examined under a microscope, it was interesting to observe that, in the parietal layer, 
the trypan blue was distributed along the edges of the mesothelial cells (Fig. 2). In places, the lymph capillaries 
were injected with the stain, The light network of canals stood out sharply against the intense blue background 

of the membrane, showing a “negative® picture of the blood vessels (Fig. 3). In the visceral layer of the testi- 
cular serous membrane, one could only find foci of trypan blue distributed along the surface ina few visual fields, 


Fig. 1. Tunica vaginalis propria of a dog's testis. 1% Fig. 2, Parietal layer of tunica vaginalis propria of 
solution of light green injected into cavity (experi- a dog's testis, Deposit of trypan blue along the in- 
mental interval: 10 minutes), Piece of intensely tercellular borders of the mesothelium (duration of 


stained parietal layer sloughed, Visceral layer not experiment: 2 hours). Microphoto. Standard mag- 
stained. Photo. Magnified 1!/ times in printing. nification, 


_ Combining the data obtained, we concluded that the chief role in the absorption of colloid solutions (of the 
trypan blue type) from the testicular tunica vaginalis propria cavity belongs to the lymph vessels in the parietal 
layer of this membrane, The resorbing function of the blood vessels need hardly be discussed, 


In the third series of experiments, 1% suspensions of India ink and Prussian blue were used as the color indi- 


cators, A total of 24 experiments were done (10 on dogs, 8 on cats and 6 on rabbits), lasting from a few minutes 
to 24 hours. 


The results of these experiments were identical: in none of the experiments did the suspensions permeate 


the blood vessel bed of the testicular vaginalis propria, nor did they appear in the lymph vessels or regional lymph 
nodes draining the studied cavity. 


Microscopic analysis of the preparations showed that particles of ink (or Prussian blue) were scattered along 
the surface of the mesothelium in the visceral layer of the testicular serous membrane, The particles, as a rule, 
did not penetrate into the underlying layer. In the parietal layer, the suspended particles were mainly distributed 
along the intercellular borders of the mesothelium. Single granules were found in the cytoplasm of the mesothe- 
lial cells, After long experimental intervals (12- 24 hours), many histiocytes, phagocytizing the color particles 
(Fig. 4), were found among the fibrous structures of the parietal layer. 


From the data presented above, it is evident that the testicular tunica vaginalis propria and its vascular bed 
do not directly participate in the resorption of suspensions. This membrane, therefore, is essentially different from 
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other serous membranes, Corpuscular particles are known to be reinoved frora the peritoneal cavity, the pleural 
cavity and the pericardial cavity by means of the lymph system, In definite zones of the corresponding mem- 
branes, the intraserous lymph vessels are in Close contact with the corresponding cavities,® due to the features 
of the Histological structure of the membranes, The resorption of fluids and particles suspended in fluids is pro- 
vided for in the same way. 


Fig. 3, Parietal layer of tunica vaginalis propria of a dog's 
testis (explanation in text). Microphoto. Standard magni- 
fication, 


Such relations were not observed in the scrotal serous membrane of the animals we examined, Asa rule, 


the lymph vessels draining that cavity are located in the deep layers of the testicular peritoneal sheath and are 
separated from its surface by a thick, fibrous wall. 


Fig. 4, Parietal layer of tunica vaginalis propria of a 
dog's testis, Accumulation of India ink granules in 
histiocytes (experimental interval ; 24 hours), Micro- 
photo, Standard magnification, 


e It is a question of the peculiar communication system in the surface layers cf the membranes (stomata in 
in the mesothelium, "windows" of the marginal membrane and openings in the loops of the fibrous network), 
which are known in the literature as “hatches"’. 
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What happens to the various cellular elements (which constitute the mesothelial cells, the blood corpuscles, 
etc.) and thelr decomposition products, which are always present in the cavity of the testicular tunica vaginalls 
propriag There are two important facts which can be helpful in solving this problem: first, that, in the ma- 

- bority of mammals,® this cavity is Conneeted with the peritoneal cavity by the untovered processus vaginalis 
petitonel, and therefore, ways exist for the transfer of Muid and suspended particles from the serous cavity of the 
scrotum into the peritoneal cavity; and second, that the transfer of suspensions abworbed by the surface of the 
tunica vaginalis propria into the drainage system is possible by means of macrophage elements, 


SUMMARY 


Absorptive properties of the testicular tunica vaginalis propria are distinctly manifested only in case of true 
and colloidal solutions, Morphological experiments have clearly demonstrated that crystalloids ate absorbed both 
by blood and lymphatic vessels of this serous membrane, while colloids only by its lymphatic vessels, In both 
cases the outstanding role is that of the vascular bed of the parietal sheath, The ability of the tunica vaginalis 


propria to resorb suspensions is insignificant or even nil, 
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¢ Only in man, manlike apes and in some kinds of marsupials is the cavity of the testicular tunica vaginalis 


propria closed due to the obliteration of the processus vaginalis peritonei (4). 
ee In Russian, 
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